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INTRODUCTION 
Significant acreages of oats are grown in Iowa although 
the acreage planted to oats has declined in the past decade. 
The main reason for this decline in acreage is that oats have 
generally been used as a nurse crop for legumes with little 
attention given to factors responsible for top yield. Under 
these conditions average yields and gross returns frequently 
have been low. Many reports of high yields have been made by 
farmers and researchers, showing that high yields with excel­
lent quality can be attained. 
Numerous experiments have shown that oats will respond to 
fertilizer when soil fertility is limiting. In many cases, 
however, several factors are responsible for less than maximum 
economic yield. Preparation of the seedbed and the planting 
of a disease- and lodging-resistant varieties at a recommended 
rate are two important factors in determining the potential 
yield. Climatic conditions are also very important. 
If a fertilizer response equation could be developed that 
would account for the fertility and climatic conditions at any 
given site, then the most profitable rates of fertilization 
could be recommended to the producer. In many cases, the pro­
ducer is also interested in the straw yield and the increased 
straw yield due to fertilizer should also be considered for a 
more complete profit picture. One of the objectives of this 
research is to determine the yield equation of oats with 
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respect to nitrogen, phosphorus and potassium fertilizer and 
limestone and to generalize this equation to different initial 
soil fertility conditions and also weather conditions. 
The concentration of a fertilizer element in the plant 
should give some indication of the sufficiency of that nutrient 
to the plant. The relationship of chemical composition to 
fertilizer and environmental factors and the relationship of 
chemical composition to yield are also studied to explore the 
possibility of utilizing tissue analysis as a refined method 
for making fertilizer recommendations and understanding some of 
the bases for responses to fertilizer and the environment. 
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REVIEW" OF LITERATURE 
Much experimental work has been done with oats, however, 
in many cases, oats were used merely as an indicator plant and 
oat production was not the major objective of these experi­
ments. Oats have been shown to respond to applied fertilizer 
when the fertilizer element in question was in limited supply. 
Yield response to fertilizer is dependent on many factors, such 
as the soil supply of available nutrients, weather and manage­
ment factors. 
This review of the literature will attempt to bring 
together results of fertilization experiments on yield response 
to fertilizer and factors affecting this response. Consider­
ation will be given to methods of relating these factors so that 
a prediction of yield response to fertilizer may be obtained. 
Plant composition as affected by fertilization and the re­
lationship of plant composition to yield will also be included. 
Since in many cases a legume is seeded with the oats, the 
effect of oat fertilization on the succeeding legume will be 
reviewed briefly. 
Factors Affecting Oat Yields 
Applied fertilizer 
Several measurements may be used as an index for measuring 
yield response to applied fertilizer. Commonly used are dry 
matter yield at some stage of maturity, grain and straw yield, 
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and yield of nutrient. Since the major objective of this in­
vestigation was to study oat production for grain, the work on 
dry matter yield at various stages of development will not be 
reviewed extensively. 
In general, straw and grain yields have been found to in­
crease or decrease similarly to applied fertilizer, but in many 
cases at varying rates. In a rotation experiment, Lamb and 
Salter (1937) showed grain yields paralleled straw yields, as 
straw yield increased so did grain yield. In a study of the 
effect of nitrogen rates on nitrogen recovery by oats, Carson 
(1947) found that nitrogen application increased grain and dry 
matter yields compared to no nitrogen. Brieba (1947) reported 
similar results with wheat as well as with oats. The appli­
cation of fertilizer containing nitrogen, phosphorus and potassi­
um to winter oats grown in Georgia increased grain and straw 
yield compared to no fertilizer application. Brown et al. 
(1961). Increased dry matter yields due to nitrogen and 
phosphorus were shown by Smith ^  al. (1950) in field experi­
ments in Texas. 
Many experiments have been conducted in Iowa to study the 
influence of rates and combinations of nitrogen, phosphorus and 
potassium on oat yields. Nelson ^  al. (1946) summarized the 
results of 44 experiments conducted over 3 years on 21 soil 
types. Significant yield responses to nitrogen were obtained 
in virtually all experiments, in approximately 50 percent to 
phosphorus, and in only a few experiments to potassium. In 
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many cases, yields also showed a greater response to the 
combination of nitrogen and phosphorus than to either nitrogen 
or phosphorus applied separately. There were some inter­
actional effects between potassium and phosphorus or nitrogen 
noted, but not as frequent as the nitrogen by phosphorus inter­
action, The rate of nitrogen fertilizer necessary for maximum 
yield was thought to be between 20 and 40 pounds per acre with 
the response being greater to a given rate of nitrogen as the 
number of years since a previous legume increased. 
In an earlier paper, Nelson et al, (1945) had summarized 
results from experiments conducted in Iowa on effect of nitro­
gen, phosphorus and potassium on oat yields. The results were 
quite similar to the experiments just discussed in that the 
greatest response was to nitrogen and phosphorus with little 
response to potassium. Their results showed a greater response 
to a combination of nitrogen and phosphorus than to the appli­
cation of nitrogen or phosphorus separately. They also stated 
that oats in some areas of the state showed more response to 
phosphorus and potassium than in other areas. Their experi­
ments showed no response to phosphorus in southern Iowa and no 
response to potassium in western Iowa. 
In a summary of fertilization experiments with corn, oats 
and hay in Iowa studying nutrient balance and interaction of 
fertilizer elements, Dumenil and Nelson (1948) showed that the 
balance between elements often greatly influenced the yield 
responses obtained. Of the 164 experiments included in this 
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study 62 contained significant interactions, both positive and 
negative, between the different fertilizer elements. These 
investigators recognized that the initial fertility level of 
the soil had an important-influence on the response obtained. 
The use of factorial treatment combinations was shown to give 
much added information over non-factorial treatment combi­
nations. 
In a study of the effect of nitrogen fertilization on the 
yield components in oats, Frey (1959) showed that grain yield 
response to nitrogen fertilization was related to an increase 
in seeds per head and heads per plant. The weight per seed was 
little affected by nitrogen fertilization. Relatively little 
difference was found between 40 and 80 pounds of nitrogen. 
In Kansas, Gingrich and Smith (1953) applied different 
rates and combinations of nitrogen, phosphorus and potassium to 
oats. A good response to nitrogen was recorded on all experi­
ments at rates of 25 to 50 pounds per acre. Response to 
phosphorus occurred only at one of the three sites which tested 
moderately low in soil phosphorus. No response to potassium 
was recorded despite soil test results showing low available 
potassium at one site. On the Clarion-Nicollet-Webster soils 
in southern Minnesota, MacGregor (1954) studied the use of 
anhydrous ammonia and ammonium nitrate as fertilizers for oats 
and corn. He found that both sources of nitrogen were equally 
effective and a marked increase in yield resulted from nitrogen 
fertilization. Forty pounds of nitrogen per acre was not 
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sufficient for maximum grain yield in two of the four, experi­
ments conducted with oats. The nitrogen treatments were 
applied with and without a combination of phosphorus and potassi­
um and some increase in yield due to the phosphorus and 
potassium was obtained when these elements were in limited 
supply. 
Olson and Dreier (1956) reported that, in Nebraska soils, 
a greater utilization of fertilizer phosphorus by oats in field 
and greenhouse experiments when nitrogen was present than with 
no nitrogen present. Their results showed only a slight in­
crease in yield due to phosphorus application when no nitrogen 
was applied compared to a large increase in yield due to 
phosphorus when nitrogen was applied. The ammonium source of 
nitrogen was found to be more effective than the nitrate source 
of nitrogen in producing the enhanced phosphorus utilization. 
Olson ^  al, (1956) in another study reported that potassium 
fertilization had little effect on phosphorus uptake. These 
investigators also found that liming acid soils reduced the 
effectiveness of most phosphate carriers used in their study. 
Soil supply of nutrients 
As was reported in several of the papers on response to 
applied fertilizer mentioned above, the soil supply of the 
nutrient was important in determining whether a response to 
applied fertilizer was observed. Much work has been done on 
soil tests as an index of nutrient supply to the plant. 
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However, only papers relating soil supply of nutrients to yield 
will be included here. 
The nitrogen-supplying power of the soil as measured by 
incubation of the soil under warm, moist conditions was found 
to correlate significantly with yield response due to nitrogen 
fertilization (Pritchett, 1947 and Pritchett et ai., 1947). A 
highly significant positive correlation was found between yield 
of the unfertilized check plots and mineralizable nitrogen in 
the soil which indicates the higher the mineralizable nitrogen 
content, the higher the check yield will be, other factors not 
limiting. There also Was a significant negative correlation 
between yield response due to 40 pounds of nitrogen and soil 
mineralizable nitrogen. Olson et (1964) also showed a 
significant correlation between the mineralizable nitrogen in 
the soil and yield response to nitrogen fertilizer. 
Nitrogen applied to a previous crop has been noted in many 
cases to have a beneficial effect on the following crop. The 
amount of residual nitrogen is dependent on many factors, such 
as crop removal, leaching, volatilization and immobilization of 
the nitrogen. In a study of the recovery of added nitrogen, 
Carson (1947) found that percentage recovery decreased as the 
rate of nitrogen addition increased, thus more possible residu­
al for the following crop. Soil samples from the surface 6-
inch layer were collected at the end of the oat growing season 
and no difference in nitrate plus ammonia content of the soil 
was found on plots with or without nitrogen fertilizer. He 
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concluded that either the nitrogen had been absorbed by the crop 
or immobilized by the soil organisms. No measurement of profile 
nitrogen content was made and translocation to deeper horizons 
was not ruled out. 
Dumenil (1951) and White (1957) discussed the fate of 
nitrogen applied to soil in their respective literature re­
views. Dumenil (1951) found nitrogen applied to corn gave 
increased yield of oats the following season in all three years 
cf his experiments. These experiments were conducted in Iowa 
under varying conditions of climate and soil. Generally, the 
presence or absence of phosphorus or potassium fertilizers had 
little effect upon the residual nitrogen responses. There was 
no significant relationship between the magnitude of the corn 
response to nitrogen and the response of oats to the residual 
nitrogen, however, there was a positive trend. The growing 
seasons under consideration in these experiments were below or 
normal in the amount of rainfall for their respective locations 
in Iowa, With seasons of above average rainfall, the residual 
effect may be less than reported by Dumenil, In a study of 
residual nitrogen in the Netherlands, van der Paauw (1963) 
found residual nitrogen to be from zero to 17 per cent as ef­
fective as the same amount of freshly applied nitrogen. The 
residual effect depended on the preceding season. After a wet 
winter, residual nitrogen was nearly zero, whereas, after a dry 
winter a relatively high residual nitrogen effect was found. 
In studying the residual nitrogen following nitrogen 
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fertilized corn, White (1957) found that yield response of oats 
was significantly related to the nitrate nitrogen content of 
the soil profile to a 21 inch depth. He found sufficient re­
sidual nitrogen from 180 pounds applied to corn the preceedlng 
year to increase oat yield 29 bushels per acre. White et al. 
(1958) showed that most of the residual nitrogen was below the 
surface 6-inch layer and was mostly present in the 6- to 21-
inch soil layer. White and Pesek (1959) reported that most of 
the residual nitrogen is present as nitrate nitrogen. Isotopic 
nitrogen measurements obtained from a greenhouse experiment 
provide additional evidence of the residual nitrogen being 
present mainly as nitrate. In most of their evaluations of 
residual nitrogen, total nitrogen yield was used instead of 
grain yield as this was a better indicator of nitrogen uptake. 
Residual nitrogen did not significantly increase nitrogen yield 
in all experiments indicating a variable amount of leaching due 
to elapsed weather differences. 
A study of the effect of fertilizer application of nitro­
gen, phosphorus and potassium to corn on yield of the corn 
crops and on yield of succeeding oats and meadow crops by 
Stritzel (1958) showed significant residual effects of nitrogen 
and phosphorus on oat yields. Good yield responses were noted 
on corn, however, the highest rates were in excess of that 
needed for maximum corn yield. Subsoil samples taken in the 
spring before oats planting showed only 60 pounds more nitrate 
nitrogen per acre in the top 3 feet of soil for 240 pound 
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nitrogen treatment than for the check. Up to a 42 bushel in­
crease in yield was predicted for residual nitrogen and 
phosphorus combinations. 
Carpenter et al. (1952) found that a significant corre­
lation was present at all stages of wheat plant development 
between total nitrogen uptake and nitrate nitrogen in the 
surface 6-inches. Uptake of nitrogen by the plant was also 
shown by these investigators to fall off rapidly after the 
wheat reached the heading stage on the low nitrogen soils 
whereas uptake continued on the high nitrogen soils. In a 
study of the effect of nitrate nitrogen in the soil profile on 
the response of barley to fertilizer nitrogen, Soper and Huang 
(1963) found uptake of nitrogen in the grain linearly related 
to the logarithm of nitrate nitrogen in the profile plus nitro­
gen added in the fertilizer. A linear relationship was also 
found between the logarithm of nitrate nitrogen in the soil and 
the ratio of yield with 10 pounds of nitrogen to yield with 60 
pounds of nitrogen at a constant amount of phosphorus. Soil 
profile samples showed that the nitrate nitrogen had been de­
pleted significantly at all depths by the time of heading. 
In a study on the recovery of phosphorus applied to some 
Wisconsin soils, Moore et al. (1957) found that after eleven 
successive crops of oats under greenhouse conditions, the 
application of 589 ppm of phosphorus still increased yield of 
dry matter and caused a higher soil test level than in the 
control. Recovery of the applied phosphorus was only about 20 
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percent by the first crop and 45 to 70 percent by the 11 crops 
of oats. In a study on the response of crops in the greenhouse 
to rock phosphate and superphosphate, McLean (1956) found that 
the application of superphosphate increased dry matter yields 
in the first harvest, but that the increase yield had caused a 
potassium deficiency in the third harvest. The recovery of the 
applied phosphorus by 5 crops of oats was only 16 percent which 
indicated a very high fixation of the applied phosphorus. 
Gomez (1960) found that, within the limits of his data, 
soil nitrification rate and soil reaction were significant in 
describing yield response of oats to applied phosphorus. The 
soluble phosphorus content of the soil was not effective in 
explaining variation in yield response to applied phosphorus. 
This lack of significance was attributed to the narrow range of 
the soluble phosphorus measurements. The response to applied 
phosphorus was found to be a curvilinear function of applied 
phosphorus anh significant interactions were found between 
applied phosphorus and soil reaction, and applied phosphorus 
and nitrification rate. 
In general, yield response to potassium fertilization by 
oats has been quite infrequent even when soil test results have 
shown available potassium to be low for adequate growth of 
other crops. Gingrich and Smith (1953) reported no yield re­
sponse due to potassium on a Kansas soil having a moderately 
low soil test for potassium. Attoe (1948) showed a logarithmic 
relationship between exchangeable potassium and percent 
13 
potassium in successive oat crops under greenhouse conditions. 
However, the plant accumulated potassium without giving a yield 
increase. 
The soil reaction is thought to be an important factor in 
determining plant growth. Gomez (I960) showed soil reaction to 
be a significant variable in predicting yield response to 
phosphorus. In a rotation experiment in Ohio where the soil 
reaction had been adjusted to various levels, Barnes ^  al. 
(1960) reported the response to phosphate was greatest at pH 
6,0 and decreased at both higher and lower soil reactions. Oat 
yields tended to be higher at pH 7.0 to 8,0 than at lower soil 
reactions with no phosphorus applied. When phosphorus was 
applied, the yields were approximately equal from pH 5,0 to 8.0 
showing a soil reaction by phosphorus interaction. Voss et al. 
(1965) showed similar results for long-term experiments in 
Iowa, i.e., as pH increased above 5.0, oat yields increased 
until soil reaction approached neutrality. However, in both 
cases the indirect influence of soil reaction through legumes 
in the rotation which respond to a neutral soil could not be 
eliminated. 
Other factors affecting yield 
Temperature and soil moisture have been shown to have an 
effect on oat yields. In a study of climatic and soil factor 
effects on response of oats in Iowa to phosphorus fertilizer, 
Gomez (1960) described temperature and soil moisture patterns 
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through the growing season by a fourth degree polynomial and 
related these patterns to the response to phosphorus fertilizer. 
The overall effect of temperature on yield response to 
phosphorus was negative, indicating lower temperatures are more 
favorable for obtaining greater yield responses to phosphorus. 
The temperature pattern indicated that a higher than normal 
temperature early in the growing season would be desirable with 
a cooler than normal temperature later in the oat growing 
season. The opposite effect was found for precipitation as a 
measure of soil moisture. The rainfall should be less than 
normal early in the season and greater than normal later in the 
season, provided moisture does not become excessive. 
From a study on maturity of oats planted at different 
dates at Ames, Iowa, Wiggans (1956) concluded that temperature 
seems to be the primary factor affecting maturity. He found 
that a minimum temperature of 40°F was needed for germination 
of oats. The total accumulated heat units above 40°F necessary 
to mature oats was found to be relatively constant over years 
and dates of planting. Varieties differences also were found. 
Later planting dates were found to reduce yield. The more 
rapid maturity at these later planting dates did not allow time 
for dry matter accumulation and grain production. Moisture 
supply and disease were found to affect yield but had little 
influence on maturity. 
Under greenhouse conditions, dry matter yield increased as 
soil temperature increased from 44° to 67°F, Nielsen et al,, 
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(1960). At all stages of maturity harvested, there were trends 
for root yields to decrease with an increase in soil temper­
ature, Increasing soil temperature also increased the nitrogen 
and phosphorus concentration in the plants at heading. There 
was very little effect due to temperature on potassium con­
centration in the plant. In another greenhouse study, Case 
et al. (1964) showed yield increases due to increased temper­
ature. Phosphorus uptake was found to be proportionately 
greater at the lower temperature, indicating that temperature 
not only influences phosphorus uptake, but also influences 
phosphorus utilization. 
Some other factors which have been studied and should be 
recognized are row width, seeding rate, and variety. Foth 
et al. (1964) found narrow rows (3-| inches) gave more yield 
than wider row spacing. Jarvis (1953) found significantly 
higher yields from 7-inch spacing than from 14-inch spacing. 
In the same experiment, varietal differences were found to 
occur and a variety by nitrogen interaction was also found. 
The placement of the phosphorus fertilizer in relationship 
to the seed has been shown to have an influence on the ef­
fectiveness of the phosphorus. Lutz ^  al. (1961) concluded 
that band placement of low rates of phosphorus for small grains 
appears to be considerably more effective than similar rates 
topdressed or broadcasted for forage production, but placement 
had little effect on grain yield. Olson and Dreier (1956) 
showed better utilization of phosphorus when nitrogen was 
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applied with the phosphorus. 
Response Function Research 
Many investigators have tried to express crop yield as a 
function of applied nutrients. In an extensive review of the 
literature on this subject, Voss (I960) has covered the various 
mathematic functions employed. As pointed out by Voss, many of 
the mathematical functions used were mainly for fitting of data 
already collected and not for prediction of future response to 
applied fertilizer, 
Pesek and Heady (1956) presented a method for interrelating 
agronomic and economic phenomena in making recommendations for 
efficient fertilizer use. From the equation developed, it was 
shown how the response function could be used to determine the 
various combinations of two nutrients resulting in the same 
yield and the optimum level of fertilization for a given ferti­
lizer and product price situation. In an earlier paper Heady 
et al. (1955) considered several functions for describing yield 
response to applied fertilizer. From the economic consider­
ation of the functions, the exponential and logarithmic 
functions had some serious limitations. The quadratic and 
square-root functions employed were considered more desirable 
from the economic standpoint. 
The inherent fertility of a site has been recognized by 
many investigators to influence the response to applied 
nutrients, thus, a different response function appears to be 
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present at each site. Jensen and Pesek (1959) developed a 
-raeans-to generalize the response function over sites. They 
assumed the same functional relationship was present at all 
sites, but that a different portion of the curve was observed 
at each site. The initial soil level of the nutrient is 
expressed in units of the applied nutrient thus having one 
equation to explain the yield response over all initial levels 
of the nutrient, Voss (1960) showed some limitation to this 
approach and that other uncontrolled factors interact to change 
the shape of the curve from site to site. 
In an attempt to relate initial fertility level into the 
response equation, Voss and Pesek (1962) applied least squares 
regressions to the soil test values, fertilizer imputs and 
observed yields. Data was obtained from a greenhouse experi­
ment with rates and combinations of nitrogen and phosphorus on 
30 portions of soil of different initial fertility. The yield 
equation used allowed all possible linear interactions to 
occur between applied and initial soil nutrient levels as 
measured by soil tests. The resulting equation showed a high 
degree of explanation of total nutrient effect, as shown by the 
R^-value of 0.922, Dumenil (1958) used this method for gener­
alized yield and yield response functions for corn involving 
nitrogen and phosphorus fertilization in a large number of 
fertilizer experiments in different years and on different soil 
types. 
Pesek (1964) extended this concept to yield being a 
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function of controlled and uncontrolled variables. Controlled 
variables are those which are selected by the investigator such 
as fertilizer rates and varieties and usually measured with 
negligible error, whereas, uncontrolled variables such as soil 
tests and weather are inherent to the site and are usually 
measured with greater error. The combining of data over sites 
and years is proposed by measuring factors which characterize 
the difference between sites within and among years and using a 
multiple regression equation to fit the data. As pointed out 
by Pesek, the primary interest is in generating a yield 
equation which can be used to predict fertilizer needs and not 
the presence or absence of a response to applied fertilizer. 
The most economical rates of fertilization could then be se­
lected by equating the first partial derivative of the yield 
function with respect to each element equal to the ratio of 
price of the element to price of product and solving the 
resulting equations simultaneously. If desired, certain re­
straints could be imposed on the equation for conditions such 
as a farmer having only a limited supply of capital (Heady and 
Billion, 1961). 
Factors Affecting Plant Composition 
Soil and fertilizer nutrient effects 
The effect of applied nutrients on the concentration of 
the nutrients in the plant at different stages of maturity has 
been studied extensively and some work has been done on 
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relating plant composition to yield. In an early investigation 
on the effect of soil type, soil fertilization and stage of 
development on the nitrate content of the expressed sap and 
total nitrogen concentration in the plant tissue, Cook (1930) 
found that as the nitrogen content of the oat plant increased 
the nitrate content of the expressed sap also increased. The 
nitrogen content of the soil (fertility level) was more im­
portant than soil type on influencing nitrate content of the 
expressed sap. Some question was raised as to the validity of 
using the whole plant for total nitrogen analysis with differ­
ent fertility levels as it was felt that the size of the plant 
would influence the ratio of leaves to stems. This was 
investigated and the results showed that differences in plant 
size due to fertilization seemed to make no difference in the 
proportion of leaves to stems even when yield was doubled by 
fertilization. 
In general, fertilizer application will increase the con­
centration of that element in the plant tissue and may decrease, 
increase, or have no effect on the other nutrient elements. In 
a field experiment in Texas with rates and ratios of nitrogen 
and phosphorus, Smith et al. (1950) reported the percent 
phosphorus in the plant was increased by phosphorus appli­
cation, Percent phosphorus in the plant was not affected by 
nitrogen application at the low phosphorus level, but at the 
high phosphorus level, nitrogen applications increased the 
percent phosphorus. By use of isotopic tracers, it was found 
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that as phosphorus application increased the amount of the 
phosphorus in the plant, the amount of the total phosphorus per 
unit plant material derived from the soil phosphorus supply-
decreased. However, the total phosphorus uptake from the soil 
supply was relatively constant over nitrogen and phosphorus 
rates. 
In studying the effect of phosphorus on yield and phospho­
rus composition of oats on phosphorus deficient soils in Iowa, 
Larson et al, (1952) reported increased yield due to phosphorus 
application at two of the three sites and increased percent 
phosphorus in the plants at all three sites. In general, 
phosphorus concentration in the plants was slightly higher at 
the site not responding to applied fertilizer than at the other 
two sites. 
Nitrogen fertilizer topdressed on oats two to three weeks 
before the plant samples were taken in the "boot" stage showed 
increased nitrogen, phosphorus and potassium concentrations in 
the oats (Grunes and Krantz, 1958). The increase in phosphorus 
and potassium content was concluded probably to be due to in­
creased root growth. Nitrogen application was shown by Miller 
and Ashton (1960) to decrease the percent phosphorus in the 
plant in a greenhouse experiment harvested after 58 days of 
growth. The percent phosphorus derived from the fertilizer 
phosphorus increased with increasing nitrogen application. 
Summarizing a long-term rotation experiment with rates of 
nitrogen, phosphorus, potassium and manure. Bishop et al. 
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(1964) reported small increases in oat yields due to fertilizer 
applied to the previous corn crop in the rotation. Percent 
nitrogen at heading was not significantly affected by the 
fertilizer applied to the preceding corn. The phosphorus 
application to corn increased the percent phosphorus in the 
oats at heading. The phosphorus content of the plants also 
appeared to be lower if nitrogen was applied than if no nitro­
gen was applied to the preceding corn. Potassium application 
to the corn increased potassium content of the oat plant, but 
no yield response was found to potassium. 
Other factors affecting plant composition 
The maturity of the plant has a major effect on the plant 
composition. In an early investigation on the protein content 
of oats at various stages of maturity ranging from heading to 
maturity, the maximum amount of total protein in the whole 
plant was found during the early part of the milk stage (Keitt 
and Tarbox 1912). In an intensity study of the chemical 
composition of plants at different stages of maturity. Smith 
(1960) reported that percent nitrogen and potassium decreased 
markedly until the heads had emerged and then were relatively 
constant until maturity. Phosphorus percentage showed a steady 
decline from the 6-inch high stage to maturity. The total 
nutrient uptake showed that by heading, more than half the 
nitrogen and phosphorus had been absorbed and nearly all the 
potassium had been absorbed. The dry matter at heading was 
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less than half that at maturity. Gardner and Wiggans (1961) 
similarly reported that the protein percentage decreased with 
advanced maturity and also that a difference between years 
existed. 
Temperature of the soil under greenhouse conditions has 
been reported to affect plant composition. Nielsen et al. 
(1960) reported that the percent nitrogen and phosphorus in the 
oat plant at heading increased with increased soil temperature, 
whereas, percent potassium showed no significant differences. 
A similar temperature effect on phosphorus percentage was found 
by Case et a^. (1964). 
Relationship of Yield to Plant Composition 
The use of the plant composition to reflect nutrient 
sufficiency has been proposed by several investigators. Macy 
(1936) cited work by Pfeiffer ^  al. in which they stated-that 
"the sufficiency of a nutrient is a function of its percentage 
in the plant." Macy developed a concept that there are three 
regions of nutrient sufficiency as measured by plant compo­
sition. He defined a "critical percentage" of each nutrient 
in each kind of plant, above which "luxury consumption" occurs 
and below which "poverty adjustment" occurs. In this "poverty 
adjustment" region, plant composition is proportional to the 
degree of deficiency until a "minimum percentage" is reached. 
In a greenhouse experiment using several soils, Chapman 
(1935) showed that such a relationship was present. A high 
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degree of correlation was found between the inorganic phosphate 
content of young oat plants and the increase in yield due to 
phosphate additions. Several factors were found that affected 
the relationship. He proposed that certain standards be es­
tablished for using plant composition as a diagnostic tool. 
His proposal was to use a substrate that has all other 
nutrients in excess except the one being studied and to sample 
a specific organ at a specific stage of development. By having 
yield increases due to an added increment of the nutrient, a 
relationship can be established between yield increase and 
nutrient concentration within the plant at the specified stage. 
Lundegârdh (1951) similarly showed that many factors 
affect the nutrient content of the leaf. His results indicated 
that for nitrogen and phosphorus the leaf samples should be 
taken shortly before flowering for best results. In extensive 
work with oats, leaf content of several nutrients was found to 
be a good index of the probability of a nutrient response to 
that nutrient. Lundegârdh suggested a hyperbolic function to 
describe the relationship between yield increase due to appli­
cation of a nutrient and the leaf content of the nutrient at 
time of heading. Included in the function is an "interference 
factor" for the effect of the concentration of the second 
nutrient. 
A very extensive review of the literature on this subject 
is presented by Dumenil (1958). In his work with corn, Dumenil 
(1961) showed a curvilinear relationship between grain yield 
24 
and nitrogen and phosphorus percentages in the corn leaf oppo­
site and below the primary ear at silking time. Two models, a 
quadratic and square root, were fitted to the data with approxi­
mately equal goodness of fit. The critical nutrient percentages 
could be obtained by setting the first partial derivative with 
respect to each nutrient equal to zero and solving simultane­
ously* Nutrient percentages for optimum production also could 
be calculated from knowing the level of fertilization necessary 
for optimum yield, A restriction for this yield level could be 
included when solving for the optimum percent nitrogen and 
phosphorus. As pointed out by Dumenil, the solution of these 
equations allows the critical percentage of one nutrient to be 
a range of values dependent on the level of the other nutrient. 
The relationship could also be extended to more than two 
nutrients with multiple regression techniques. Baird et al. 
(1962) tried a similar procedure and on the basis of a wide 
variation in "critical" percent nitrogen among sites concluded 
that percent nitrogen in the leaf could not be used to predict 
yield. 
Effect of the Oat Fertilization on the Following Legume 
In many cases, farmers have argued that they could not 
fertilize their oats because they would not get a stand of 
legume. In an experiment conducted in Iowa, Nelson et al.. 
(1946) found that 40 pounds of nitrogen applied to the pre­
ceding oats substantially reduced the yield of the first 
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cutting of hay the following year, whereas, 20 pounds of nitro­
gen had no effect. Phosphorus applied to the oats increased 
the following years first cutting hay yield, but did not over­
come the detrimental nitrogen effect. Potassium fertilization 
had no effect on yield. The reason for the reduced yield was 
not explained. 
In a study of the effect of light intensity on the growth 
characteristics of alfalfa and bromegrass, Pritchett and Nelson 
(1951) found that reducing light intensity caused greater 
elongation and poorer plant stems than when in full sunlight. 
They also found that nodulation was stopped by low light in­
tensity but if plants were moved back into full illumination, 
nodulation would resume. Their conclusion was that the most 
detrimental effect on stand establishment of rank growing 
fertilized oats is shading which reduces root growth and nodu­
lation. The depletion of surface moisture may also reduce 
stands in dry seasons. 
Lodging of the small grain has been shown to occur under 
high fertility conditions. This causes a reduction in light 
penetration to the legume under the oats. In a study of 
lodging effects on yield and alfalfa seedling establishment, 
Norden and Frey (1958) artifically lodged oat plots at two 
dates (shortly after heading and 12-16 days after heading) and 
at two degrees of lodging (45 and 90 degrees). They found 
significant reductions in stands of alfalfa due to both date 
and degree of lodging, however, only the 90° and late lodging 
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combination reduced stand below that considered adequate in 
Iowa for top hay yields. As pointed out by these investi­
gators, the removal of all straw from the plots may have 
favored higher stands over field conditions where the straw is 
left on the field. 
Smith et al. (1954) studied the influence of seeding rate 
of oats on stand establishment of alfalfa and medium red 
clover. Their investigations showed that oat seeding rates had 
little influence on stand establishment as the lighter seeding 
rates had more weed growth tending to equalize the shading 
effect of the heavier seeding rates. In their review of the 
work done on managerial practices they found that any practice 
which reduces the competition for light and for moisture favors 
the establishment of legume seedings. In an earlier investi­
gation, Pendleton and Dungan (1953) found that no seeding 
arrangement could equal the sowing of red clover alone for 
stand, early growth and hay yield of the red clover. 
In a study of a corn-oats-meadow-meadow rotation, Stritzel 
(1958) found that 240 pounds of nitrogen applied to the corn in 
the rotation compared to no nitrogen decreased hay yields on 
both years of meadow. When hay yields were found to be less on 
the first year meadow a stand count was taken in the fall. 
There were no significant differences in stands and all stands 
were thought to be adequate. Pritchett (1950) had shown marked 
reduction in stand due to nitrogen fertilization, however, the 
plants per square foot on the nitrogen fertilized plots were 
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still adequate for maximum hay yield by the standards of 
Stritzel. On the other hand, phosphorus fertilization of the 
previous corn was shown by Stritzel to give substantial hay 
yield increases, but no phosphorus by nitrogen interaction was 
found. From the few studies cited, heavy nitrogen fertilization 
of oats could cause substantial hay yield losses on succeeding 
legumes. 
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EXPERIMENTAL PLANS AND PROCEDURES 
Because the purpose of these experiments was to develop a 
yield response equation to fertilizer and limestone for oats 
over different soil and climatic conditions, experiments were 
initiated on five of the outlying farms operated by the Iowa 
Agricultural and Home Economics Experiment Station. Infor­
mation was also desired on the effect of fertilization on the 
chemical composition and the relationship between yield and 
chemical composition of the oat plant. 
Experiments and Treatments 
The experimental sites selected were on the Carrington-
Clyde and Howard County Experimental Farms in northeast Iowa, 
the Clarion-Webster Experimental Farm in northcentral Iowa, the 
Galva-Primghar Experimental Farm in northwest Iowa, and the 
Shelby-Grundy Experimental Farm in southcentral Iowa. This 
distribution of sites was thought to cover a range of soil and 
climatic conditions. The soil types are as follows: Kenyon 
silt loam at Carrington-Clyde, Cresco silt loam at Howard 
County, Nicollet silt loam at Clarion-Webster, Galva silt loam 
at Galva-Primghar and Grundy silt loam at Shelby-Grundy. The 
experiments were started in the spring of 1963 and a continuous 
culture of oats used. The results for 1963, 1964 and 1965 are 
reported in this dissertation. 
The design of the experiments was a 2^  + 2n + 1 central 
composite design with five levels of nitrogen, phosphorus and 
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potassium fertilizer and limestone. The treatment combinations 
and rates are shown in Table 1. Several check plots (no ferti­
lizer applied) were added to the treatment combinations since 
no check was included in the design. Two replications were 
used at each site. The range of the fertilizer treatments is 
thought to be such that some of the treatments are excessive in 
terms of economics as well as in terms of crop behavior. The 
limestone rates were based on the neutralization of the acidi­
fication effect of the nitrogen fertilizer and with time a 
spread in soil pH should occur as the high nitrogen rate, which 
will reduce pH, and the high lime rate, which will increase pH, 
do not occur together. 
Each experiment consists of 56 plots except the Shelby-
Grundy which has an additional check plot per replication. The 
plot size varies from location to location depending on the 
width of the grain drill on the farm. The plots were 20 feet 
long and two drill widths wide which makes the plot width vary 
from 14 to 20 feet. The plots were drilled so that the area in 
the center of the plot was in the middle of a drill spacing. 
When the experiments were initiated in the spring of 1963 
the fertilizer was spread and disked in. For the 1964 crop, 
the phosphorus, potassium and limestone were spread in the fall 
of 1963 after plowing. The nitrogen for 1964 was spread in the 
spring before planting. For the 1965 crop the phosphorus, 
potassium and limestone were spread in the fall before plowing 
and the nitrogen in the spring before planting. This change in 
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Table 1 Rates and combinations of fertilizer elements and 
limestone applied annually at each location.& 
Trtl 
no. 
Pounds Der acre 
Trt. 
no. 
Pounds per acre 
N P K CaCOg . .N P K CaCOo. j 
1 60 20 30 220 15 30 10 45 110 
2 90 30 45 330 16 30 10 15 330 
3 90 30 45 110 17 30 10 15 110 
4 90 30 15 330 18 120 20 30 220 
5 90 30 15 110 19 0 20 30 220 
6 90 10 45 .330 / 20 60 40 30 220 
7 90 10 45 110 21 60 0 30 220 
8 90 10 15 330 22 60 20 60 220 
9 90 10 15 110 23 60 20 0 220 
10 30 30 45 330 24 60 20 30 440 
11 30 30 45 110 25 60 20 30 0 
12 30 30 15 330 26 0 0 0 0 
13 30 30 15 110 27 0 0 0 0 
14 30 10 45 330 28 0 0 0 0 
A^n addition check plot was included on the Shelby-Grundy 
experiment in each replication. 
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the application procedure was so that the fertilizer would not 
be spread in the same layer of soil as the previous year's 
application. Ammonium nitrate, concentrated superphosphate, 
muriate of potash and finely ground barnlime. were used as the 
treatment sources. 
Handling of the experiments 
Since the plan was to repeat the fertilizer and limestone 
treatments each year and to grow oats on these sites year after 
year, the fertility status of each plot was evaluated each year 
by taking a soil sample composed of at least 12 cores from the 
0-6 inch layer. Subsoil samples were also taken consisting of 
a composite of cores from 5-inch increments to a depth of three 
feet in the check plots of each replication. The soil samples 
were stored moist and determination of available phosphorus, 
exchangeable potassium, ammonium production rate and pH^  was 
done by the Iowa State University Soil Testing Laboratory. 
Additional soil samples were taken in the spring of 1964 
and 1965 before the spreading of the nitrogen fertilizer for 
determination of total inorganic nitrogen present. It was 
thought that residual nitrogen would be present from the 
previous year's nitrogen application and it was known that this 
residual would not be measured by the ammonium production test. 
pH also was determined on an air-dried sample and this 
air-dry pH determination actually was used in the statistical 
analyses. 
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After studying the results of White (1957), a composite sample 
of 8 to 10 cores from the 0-6, 6-12 and 12-24 inch layers was 
taken from plots selected so that two treatments of each of the 
0, 30, 60 and 90 pound nitrogen rates were sampled in each 
replication and the 120 pound nitrogen treatment in each repli­
cation was also sampled. The samples were air-dried as soon as 
possible after being taken, ground to pass a 2 mm sieve and 
stored in plastic lined soil bags until chemical analysis could 
be run. 
The general cultural practice was to fall plow and to do 
enough disking in the spring to provide a good seedbed. The 
oats were drilled at the rate of 3 bushels per acre using one 
variety at all locations each year (Dodge in 1963 and Garland 
in 1964 and 1965). Alfalfa was also seeded at planting time at 
the rate of 10 or 11 pounds per acre. After the yield areas 
had been harvested, all remaining grain and straw were removed 
from the plots. After a short period of regrowth, a stand 
evaluation was made on the alfalfa and it was then sprayed with 
2,4-D. 
Since information was also desired on the effect of the 
treatments on chemical composition of the oats, a plant sample 
was taken from each plot at the time when approximately 75 
percent of the heads had emerged. This stage of development 
was easy to recognize and should reflect the conditions in the 
period just prior to flowering which is one of the critical 
stages in determining yield potential. The plant "sample 
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consisted of a composite of three or four stems cut at eight 
places within a plot. The samples were oven dried at 65°C for 
at least 24 hours and then ground and placed in glass bottles 
for storage until chemical analysis could be run. 
The plots were harvested for grain and dry matter yield at 
maturity. Straw yields were obtained as the difference between 
dry matter and grain yields. The plot area harvested for yield 
was 15 feet by 5 drill rows wide. The oats were stuffed head­
first into a light cloth sack, tagged, and allowed to dry for a 
week or more so that a constant moisture was obtained. The 
bundles were then weighed and threshed. The moisture percentage 
in the bundles was estimated by harvesting extra material from 
each site and allowing these bundles to dry with the yield 
bundles. These extra bundles for moisture determination were 
then dried along with the grain samples at 150°F for 48 hours 
and then weighed from the oven. The grain yields were cor­
rected to 12 percent moisture and dry matter and straw yield 
were reported on the oven-dry basis. Bushel weights were taken 
on the grain after drying using the standard equipment. A 
sample of the grain was then ground and stored in a glass 
bottle for chemical analysis. 
Chemical analysis 
The plant and grain samples collected for chemical analy­
sis were analyzed for percent nitrogen, phosphorus and 
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potassium^ . The lids were removed from the bottles and the 
samples dried for at least 24 hours at 65°G prior to weighing 
of 0.5 g sample into a 100 ml volumetric flask. The plant 
material was wet-ashed by boiling in 10 ml of concentrated 
sulfuric acid plus copper as a catalyst for 16 to 20 hours. 
The samples were then diluted to 100 ml volume with distilled 
water and 5 ml aliquotes used for the nitrogen, phosphorus and 
potassium determinations. Nitrogen determination was by steam 
distillation of ammonia from the 5 ml aliquote made alkaline 
with sodium hydroxide. The ammonia was collected in a boric 
acid solution containing an indicator and subsequently titrated 
with standard sulfuric acid. Phosphorus was determined colori-
metrically by a modified vanado-molydate procedure. Potassium 
determination was made by comparison of flame photometer 
readings with those of standard solutions, (Hanway, ca. 1962). 
Total inorganic nitrogen analyses were made by a procedure 
proposed by Keeney and Bremner (1966). A 5 g sample of air-dry 
soil was weighed into a 400 ml distillation flask and 30 ml of 
2N KCl, 0.2 g of ignited MgO and 0.2 g of finely ground 
Devarda's alloy were then added. Steam distillation of the 
sample was then done with the ammonia collected in a boric 
acid-indicator solution and subsequently titrated with 
standard sulfuric acid. Results were reported as ppm inorganic 
I^n subsequent discussion these will be referred to as 
% N, % P, and % K, respectively. 
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nitrogen. 
Statistical procedure 
As previously mentioned, a composite design was used in 
these experiments because the primary objective was to fit a 
response function to the data. The multiple regression pro­
cedure used to fit the response function is that described by 
Anderson and Bancroft (1952) and Johnston (1963). 
Previous experimental work has proven that the effect of a 
fertilizer element or limestone on yield frequently is not 
independent of the level of the other elements and a linear 
response is not expected over the entire range of the factor 
space. However, the range of several variables in this study 
may be such that only a linear response will be present or no 
interactions with the other variables will be found, or both. 
In the initial analyses, the effects were not know and all 
interactional effects thought reasonable were included as well 
as a quadratic term for most variables to allow for a curvi­
linear relationship. If the interactions or quadratic 
variables were not significant, then these variables were 
deleted, 
A second degree polynomial including linear by linear 
interactions of the applied fertilizer (nitrogen, phosphorus 
and potassium) and limestone variables was fitted to the data 
from each site for each measurement of response taken—grain 
yield, straw yield, % N, % P and % K in the plant at heading--
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with no attempt made to delete terms from the equation on the 
basis of statistical significance. The model used for grain 
yield is as follows: 
Y = bg + bj^ N + bgP + bgK + b^ L + b^ N^? + bggPZ + b^ K^Z + b^ l^2 
+ bizNP + b^ NK + bi^ NL + b^ P^K + b^ P^L + b^ K^L + e, 
where Y is grain yield in bushels per acre (bu/a), N is the 
nitrogen rate per acre applied annually expressed as 10 pound 
units, P is the phosphorus rate per acre applied annually 
expressed as 10 pound units, K is the potassium rate per acre 
applied annually expressed as 10 pound units, L is the lime­
stone rate per acre applied annually expressed as 10 pound 
units, the b's are the partial regression coefficients to be 
estimated by least squares procedure, and e is a random error 
component. Similar equations were fitted for straw yield (sS) , 
% N, % P and % K in the plant. The fitting of these equations 
to each site-year (each location in each year) of data gives 
some indication as to the response at that location. 
The 15 site-years of data were combined into a general 
multiple regression equation using soil and weather factors to 
account for the difference within and among locations and years, 
A preliminary study of soil and weather factors was based on 
the effect these factors had on check plot yield as suggested 
by Voss (1962) and on logic. The general form of the model 
used is, 
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i 
Y = applied fertilizer and limestone variables + soil and 
weather variables + interactions of applied ferti­
lizers and limestone variables with soil and weather 
variables, 
where Y denotes grain yield. Similar models were used for 
straw yield, % N, % P and % K in the plant at heading. Terms 
were retained in the above equations if the t-test for the 
partial regression coefficient was greater than unity or if a 
term of higher order or interaction including the variable in 
the term had a t-test greater than unity (Vanderlip, 1965). 
The relationship between grain yield and the plant com­
position at heading was also investigated by a multiple second 
degree polynomial relationship. Grain yield was regressed on 
% N, % P and % K in the plant at heading expressed with linear 
and quadratic terms and linear by linear interactions. The 
same criteria for retention of terms were employed as discussed 
previously. 
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RESULTS AND DISCUSSION 
In general, the 1963, 1964 and 1965 growing seasons were 
good years for oat production, however, there were local storms 
and periods of dryness causing grain yield reductions. At the 
Shelby-Grundy location, the 1964 grain yields were reduced by a 
wind and hail storm just before maturity. In 1965 at the same 
location, a wind storm shortly after heading caused severe 
lodging of the tall growing oats on the highly fertilized 
plots, resulting in poor filling and poor quality. The Galva-
Primghar and Clarion-Webster yields in 1963 were lower than 
expected because of low soil moisture reserves and only average 
or below average spring precipitation. This condition was not 
entirely typical of the area, but was caused by the depletion 
of soil moisture by the previous alfalfa crop. 
Lodging has been a problem in the latter two years at 
individual sites. Table 18 in the Appendix shows the lodging 
scores for those sites in 1964 and 1965 where lodging occurred. 
The lodging normally occurred late in the oat growing season 
and was more severe on plots receiving nitrogen or phosphorus, 
or both. Potassium fertilization appears to have little 
influence on lodging. 
A qualitative evaluation was made on the alfalfa stand 
several weeks after oats harvest. Very little difference in 
density of stand could be found associated with the fertilizer 
and limestone treatments. However, there was some beneficial 
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effect due to phosphorus noted at the Clarion-Webster location 
in all three years and increased vigor and darker green color 
were associated with nitrogen treatments at the Garrington-
Glyde location in 1965 at the time of stand evaluation. 
Yield results will be discussed according to the measure­
ments of response to fertilizer and limestone made, namely, 
grain yield, straw yield, % N, % P and % K in the whole plant 
at heading. Only a brief discussion of % N, % P and % K in the 
grain will be included as the results are quite similar to 
those for plant composition. An initial section will be used 
to discuss soil test results and the selection of uncontrolled 
factors for use in the yield response equations. The final 
section will discuss the relationship of plant composition to 
grain yield. 
Soil Test and Weather Factors 
The major reason for the measurement of the uncontrolled 
factors is to be able to account for yield differences that 
exist among locations and years. If it is possible to explain 
these differences, then a more accurate over-all prediction of 
yield response will be possible. In this section, the dis­
cussion of soil tests and weather factors is directed toward 
the selection of factors which can be used to explain location 
and year differences in a combined analysis of all experiments. 
Selection will be based on the correlation of the uncontrolled 
factors with check yield (yield of the unfertilized plots) as 
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proposed by Voss (1962) and on logical considerations. 
In the past; experimental locations have been assumed to 
be relatively uniform with respect to soil nutrient availa­
bility, however, there is evidence that this is not always 
true. Walker (1966) employed individual plot soil test results 
for yield predictions with soybeans. In studying the influence 
of applied nitrogen and environmental factors on nitrate ac­
cumulation by smooth bromegrass, Vanderlip (1965) also used 
soil analysis on the individual plot basis. 
Soil samples were taken from each plot consisting of at 
least 12 cores from the 0-6 inch layer. The soil test analysis 
as reported by the Iowa State University Soil Testing Labora­
tory showed in several cases that considerable variation did 
occur within a location which topographically appears quite 
uniform. In Table 2 are the range of the soil test results for 
the initial samples taken in the spring of 1963 prior to the 
application of fertilizer and limestone. It is readily ap­
parent that one sample would not adequately reflect all soil 
test measurements for a location. Some of the variation is 
undoubtedly due to sampling and determination error, however, 
an increase or decrease in soil test values was found across 
several of the locations, A pH gradient at the Clarion-Webster 
location is apparent if the pH measurements are plotted 
according to consecutive plots across the experiment, i.e., pH 
5.9 in the northeast corner to pH 6.8 in the southeast comer. 
Another example of a gradient is at the Galva-Primghar location 
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Table 2 The range of the 1963 soil test results for each 
location. 
Soil Test 
Location Nitrogen Phosphorus Potassium pH 
Carrington-Clyde 32-69* 15-26* 78-161* 5. 25-5. 45 
Clarion-Webster 21-69 10-14.5 52-98 5. 55-6. 95 
Howard County 43-69 14.5-27.5 83-162 5. 7 0— 6. 20 
Galva-Primghar 51-88 13-18.5 139-248 5. 50-6. 15 
Shelby-Grundy 36-60 20-37 100-234 6. 40-7. 05 
E^xpressed as pp2m.. 
for exchangeable potassium, 160 pp2m in the northeast corner to 
248 pp2m in the northwest corner. 
Soil samples on the individual plot basis were also neces­
sary in the second and third years of the experiments to 
measure any residual from the previous application, however, 
very little change in any soil test measurement due to nitrogen 
or limestone application was noted. This was expected for the 
nitrogen soil test because this test measures the rate of con­
version of the organic nitrogen in the soil to ammonium and does 
not reflect the inorganic fertilizer nitrogen added. Lime­
stone rates were based on the neutralization of the calculated 
acidifying effect of the nitrogen fertilizer. With sufficient 
time, it is expected that a spread in pH will occur, however, 
only 880 pounds of finely ground lime was added by the two 
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applications of the highest rate prior to the collection of the 
1965 samples. The soil tests for phosphorus and potassium were 
expected to reflect the change due to the applications of 
phosphorus and potassium, respectively. Phosphorus application 
was expected to effect a change in the available phosphorus as 
the recovery by the crop of applied phosphorus is normally 
quite low. By removing all straw from the plots each year, a 
considerable quantity of the applied potassium was removed and, 
therefore, there was less relative change in the potassium soil 
test as compared to phosphorus soil test. 
The correlation of the respective soil tests with the 
applied fertilizer and limestone variables should give some 
indication as to whether soil tests were measuring the carry­
over from the previous application. In the first year, 1963, 
no significant correlations would be expected, because the 
fertilizer treatments were placed at random on the plots. In 
1964 and 1965 a positive correlation would be expected with it 
being more positive in 1965 because of two previous applications. 
The correlations are shown in Table 3 for each location in each 
year. As would be expected no relationship is found between 
applied nitrogen and soil test nitrogen. The correlation of 
applied phosphorus with available phosphorus shows that no 
relationship was present in 1963 before phosphorus application, 
but after one and two years of application a highly significant 
positive correlation exists, being more positive after two 
applications. This agrees with.the results of Smith (1956) and 
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Table 3 Correlation^  of applied fertilizer and limestone with 
the soil test associated with these respective varia­
bles in each site-year of data. 
Applied vs soil test 
Location Year 
Nitro­
gen 
Phospho­
rus 
Potassi­
um 
Lime 
vs pH 
Carrington-
Clyde 
1963 
1964 
1965 
+.2218 
-.1257 
-.0432 
-.0292 
+.6218 
+.9112 
-.0057 
+.4327 
+.6410 
—#0146 
-.0053 
+.1749 
Clarion-
Webster 
1963 
1964 
1965 
-.0577 
— « 0264 
-.1148 
-.0708 
+.7794 
+.8660 
+.0279 
+.3609 
+.5229 
+.1300 
+.1699 
+.2080 
Howard 
County 
1963 
1964 
1965 
+,1285 
-,1761 
-.0300 
-.0511 
+.6955 
+.7430 
-.0028 
+.1300 
+.4324 
+.0107 
+.2282 
+.2733 
Galva-
Primghar 
1963 
1964 
1965 
+,0947 
-.0041 
-.0290 
-.0063 
+.6857 
+.8016 
-.0131 
+.1463 
+.2407 
-.0758 
+.1144 
+.2080 
Shelby-
Grundy 
1963 
1964 
1965 
+.0334 
-.1523 
+.1823 
+.9338 
+.5017 
+.7193 
+.0889 
+.2378 
. +.3395 
-.1260 
+.0453 
-.0045 
r^ = .261 significant at the 0.05% probability level, 
r = ,339 significant at the 0.01% probability level. 
of Ulgen (1964). The lowest correlation for phosphorus is 
found on the site initially the highest in soil test phospho­
rus, Shelby-Grundy, Similarly, no relationship is present in 
1963 for the correlation of applied potassium and exchangeable 
potassium, but a significant correlation is found after two 
years of application at four of the five locations. The ex­
ception is Galva-Primghar where, however, there is a positive 
trend. The correlation is highest at the Carrington-Clyde and 
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Clarion-Webster locations which had the lowest initial ex­
changeable potassium. A positive trend is noted at four of the 
five locations for the correlation of limestone application and 
pH. The r-value of ,273 at Howard County in 1965 is signifi­
cant at the 0.05 probability level. Because initial soil tests 
were different and because soil test values changed as a result 
of fertilization, soil test measurements were selected as 
uncontrolled factors on individual plots for use in multiple 
regression yield equations, 
A series of subsoil samples by depth of profile layers was 
obtained from each replication at each location. The soil test 
results on these samples show that, in general, available 
phosphorus, exchangeable potassium and the ammonification rate 
of nitrogen decreased with depth, but at varying rates, Table 
19 in Appendix, An increase in pH with depth was found at four 
locations. The exception was at the Shelby-Grundy location 
where a decrease in pH to about two feet and then an increase 
was observed. An average of the samples from the 12 to 36 inch 
layer was calculated and this average was used in the regression 
equations on the replication basis. A significant correlation 
was found between grain yield of the check plots and each sub­
soil soil test measurement. 
On the basis of work by White (1957) , residual nitrogen 
from previous applications was thought to be of importance on 
yield response to applied nitrogen in 1964 and 1965, Therefore, 
soil samples were taken from selected plots in the spring of 
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1964 and 1965 to a depth of two feet and analyzed for inorganic 
nitrogen. The results are shown in Table 4. In general the 
amount of residual nitrogen does not appear to be large, in 
spite of the fact that very little dry matter response to 
nitrogen fertilizer was obtained at several of the locations. 
The residual nitrogen due to the previous applications of 120 
lbs/a of nitrogen at Galva-Primghar in both 1964 and 1965 was 
one exception. Much experimental variation was found from plot 
to plot for any rate of application and unless 90 pounds or 
more had been applied the previous year, residual nitrogen was 
relatively little. There also was variation among locations 
in the magnitude of the quantity present. No consistent re­
lationship could be found which would be useful in the 
regression analysis. 
The change in check plot yield at an individual location 
from year to year was good evidence that weather conditions 
were important in determining yield. Management of the 
experiments was held as constant as possible so that differ­
ences between locations and years could be associated with soil 
and weather factors. In an attempt to ascertain if any re­
lationship could be found between weather conditions and check 
yields, a plot of check yields versus various weather factors 
was made. This gave an indication of the type of relationship 
(linear or curvilinear) if any was present. Monthly averages 
of rainfall and temperature as recorded at the experimental 
farms were used for the weather variables. Simple correlations 
Table 4 The distribution and amount of inorganic nitrogen in the soil profile after 
one and two years of nitrogen application at the five locations. 
Location 
and N applied annually (lbs/a) 
Depth ~Ô 30  ^ 138 
N applied annually (lbs/a) 
"D ïïD '9^  120 
-ppm- -ppm-
Carringt on-Glyde 1964 1965 
0-6" 19.8* 20.2 21.4 19.3 25. 0 19.7 18.0 20.4 20.3 23. 4 
6-12" 22.0 22.1 25.6 23.7 27. 3 16.3 17.6 18.1 17.9 24. 7 
12-24" 10.9 12.3 10.8 10.0 13. 5 9.0 11.1 10.6 12.6 20. 5 
Clarion-Webster 1964 1965 
0-6" 15.7 12.2 13.4 13.0 15. 8 12.5 12.2 14.3 15.2 13. 4 
6-12" 11.7 10.3 13.8 10.2 11. 1 10.9 10.6 13.1 13.0 12. 9 
12-24" 9.4 9.0 11.6 13.2 12. 7 8.4 7.7 8.2 9.0 8. 2 
Howard County 1964 1965 
0-6" 22.3 21.2 19.1 22.1 22. 0 12.7 13.7 13.4 14.4 12. 8 
6-12" 20.6 17.6 21.4 25.8 28. 1 13.6 16.9 16.7 16.2 15. 4 
12-24" 9.3 9.7 8.1 10.1 8. 5 11.9 11.9 15.2 17.2 18. 4 
Galva-Primghar 1964 
0-6" 26.2 24.7 
6-12" 21.9 21.4 
12-24" 7.8 8.5 
Shelby-Grundy 1964 
0-6" 20.2D 20.5 
6-12" 14.3 13.4 
12-24" 4.4 4.3 
28.8  
2 2 . 8  
10.0 
17.2 
17.3 
30.2 
33.3 
11.5 
21.6 
14.6 
3.9 
34.8 
41.5 
14.2 
24.7 
15.1 
; 5:6 
1965 
17.6 
14.2 
7.3 
1965 
15.2 
9,2 
; 6.7 
18.8 
15.7 
8.5 
14.9 
11.0 
7.8 
20.9 
13.7 
13.1 
16.5 
10.1 
23.0 
20.6 
21.8 
18.3 
11.2 
9.3 
20.9 
22.7 
37.2 
11.3 
10.1 
G.3 
E^ach value is an average of 4 samples except the 120 lbs/a nitrogen treatment 
which is an average of 2 samples. 
T^he 1964 Shelby-Grundy results are nitrates only. 
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also were calculated to determine if any linear relationships 
were significant, Table 5. There appears to be little re­
lationship between rainfall and grain or straw yield. This 
would indicate similar yields could be expected over a wide 
range of spring moisture conditions. The highest April through 
June rainfall amount was 18.2 inches and the lowest was 7.2 
inches. With one exception, heading of the oats occurred 
between June 15 and June 25. The exception was at the Shelby-
Grundy location in 1964 when heading occurred earlier. The 
June average mean daily temperatures ranged from a high of 74°F 
to a low of 64.5°F, Table 20 in Appendix. June temperature 
shows a significant negative relationship with grain yield. 
This is similar to results reported by Gomez (1960), the cooler 
the weather in the latter part of the growing season the higher 
the oat yields. On the basis of the significant correlation, 
June temperature was selected as a location factor to enter 
into the multiple regression equations. 
The soil and weather factors selected were shown to be 
important in predicting check plot yields. If this set of 
factors is actually adequate, then a regression of check yield 
as function of these variables should have a reasonable pre­
diction of check yield. Table 6 shows the multiple regression 
equations for all yield measurements as a function of the 
selected soil and weather factors. Only those terms were 
retained in each equation which had a jt-test greater than unity 
or were involved in similarly significant higher order terms. 
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Table 5 Correlations^  between the average check plot grain and 
straw yield and weather factors for the 15 site-years 
of data. 
Weather Grain Straw 
variables yield yield 
May rainfall + .081 + .387 
June rainfall -.313 + .221 
April-June rainfall -.068 + .326 
May temperature + .157 + .228 
June temperature -.540 -,383 
r^ = .426 significant at the 0.10% probability level, 
r = .497 significant at the 0.05% probability level. 
Soil tests in these equations are coded around the approximate 
mean for each soil test measurement as shown in the footnote to 
Table 6. This was necessary to obtain an inverse matrix. The 
regression statistics were not decoded, because it seemed more 
realistic to consider the mean level, than to consider a soil 
test variable such as pH starting from zero. 
Highly significant regression of all yield measurements on 
site factors were obtained. The variation in crop behavior 
from location to location within and among years appears to be 
associated with soil test and weather factors. The R^ -value of 
0.750 for grain yield indicates that 75 percent of the vari­
ation in grain yield is explained by these variables. No 
significant interactions between surface soil tests were found 
Table 6 Regression of check yields on soil test and June temperature variables, 
regression coefficients and significance level. 
Coefficients and significance level^  
Variables^  Grain Straw % N % P % K 
n 
P 
k 
a 
Tis 
Ps 
kg 
+64.56853 
+ 0.24756** 
+ 1.31991** 
- 3.53215+ 
- 0.77337** 
- 1.64552** 
- 0.21711** 
- 8.97620 
+0.08651 
+0.34807** 
-0.00246** 
+0.21616** 
-0.00735** 
-0.02959** 
-0.00391+ 
-0.27706** 
-4.93139 
-0.21854** 
-0.01904+ 
-0.00562+ 
+0.57731** 
+0.25870 
+0.00270** 
-0.00030** 
+0.05193** 
+0.00191** 
-0.05075** 
-0.04536** 
-5.17966 
+0.00636** 
+0.02255** 
+0.00292** 
+0.54781** 
-0.00968** 
+0.00924** 
-0.17968** 
S^ymbol designations are as follows: bQ is the intercept value, n is the soil 
test for ammonifiable nitrogen-55, p is the soil test for available phosphorus-20, 
k is the soil test for exchangeable potassium-125, a is the pH on an air-dried 
sample-6.0, ng is the subsoil test for ammonifiable nitrogen-25, p is the subsoil 
test for available phosphorus-12, kg is the subsoil test for exchangeable potassium 
45, ag is the subsoil pH-6,7 and T is the average mean daily June temperature. 
Significance at the 0.01, 0.05 and 0.10 probability levels will be designated 
by **, respectively; t-test of greater than unity by +, and no superscript t 
the coefficient indicates retention because higher order terms were significant. 
I'his designation of significance will be used in all succeeding tables. 
Table 6 (Continued). 
Coefficients and significance level^  
Variables®" Grain .Straw % N % P % K 
n^  +0.00028** 
p2 -0.00183++ -.0.00013++ 
+0.00009** 
a2 -15.02252** -0.96863** -0.04105** -0.52502** 
np -0.00113++ +0.00087** 
na +0.00912** 
pk -0.00004** -0.00019+ 
pa +0.05572** +0.00350** +0.02818** 
ka +0.00269++ 
pa2 -0.00269+ -0.02495+ 
T , +0.01311 +0.09762** 0.10276** 
Tn +0.00335 
Tp -0.00479** 
. R.. .. •- • .. O...7.5,0.... . ... 0.. 6.0.0, , . Q. 69.2. , 0 . 855 0. 892 
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and only pH had a significant quadratic term. Exchangeable 
potassium was deleted on the basis of a t-test less than unity. 
The highly significant effect of the subsoil measurements was 
not entirely expected, however, the significant correlation 
with grain yield, had indicated that significance would possibly 
be found. 
June temperature was deleted from the grain yield equation 
on the basis of a t-test of less than unity. It was expected 
to be highly significant as a significant correlation had been 
found between check grain yield and June temperature. Voss 
(1962) had shown that correlation of a variate with check yield 
could be used as a basis for selection of variables. Sig­
nificant correlations were found between check grain yield and 
soil test nitrogen, pH, subsoil tests for nitrogen, phosphorus, 
potassium and pH and June temperature. All of these terms were 
retained in the regression equation except June temperature. 
Also retained was soil test phosphorus which did not have a 
significant correlation with grain yield. 
In an attempt to determine if any location to location or 
replication to replication effects were still present, dummy 
variables for locations and replications were employed. The 
locations dummy variables were found to be of no additional 
help in explaining location differences based on a nonsignifi­
cant F-test of the reduction in the residual sum of squares and 
the small change in the R^ -value. Similarly the replication 
dummy variables proved to be of no value. A variable for the 
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number of years oats were grown was also used. A highly sig­
nificant F-test was found for the reduction in the residual sum 
of squares. This would indicate that a difference between years 
exists that is not accounted for in the variables selected but 
related to the years of oats grown in succession. No expla­
nation of this difference could be found. A positive partial 
regression coefficient was found for the term indicating better 
yields the second and third year. 
An equation was also computed without the subsoil tests. 
A significant increase in residual sum of squares in comparison 
to the equation containing the subsoil test variables was found 
indicating that the subsoil tests should be retained. The 
value was decreased by 10 percent when the subsoil tests were 
deleted. 
Yield predictions by this equation seem quite reasonable. 
Because the soil tests are coded around their respective means, 
the intercept value, b^ , is the predicted check yield at the 
average soil test level (bg = 64.57 bu/a). This agrees with 
the mean yield of the check plots for all experiments of 64.23 
bu/a. Check yields ranged from a high of 101.6 to a low of 
31.4 bu/a. The coefficients for the surface soil tests seem 
quite reasonable. The nitrogen and phosphorus partial re­
gression coefficients show that the higher the soil test for 
these elements, the higher the check yields. The quadratic 
variables probably were not significant because soil test 
results were reasonably low and with only this narrow range of 
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soil tests a curvilinear relationship probably could not be 
observed. The pH measurement shows both the linear and 
quadratic partial regression coefficients to be negative, 
however, it must be remembered that pH is coded around pH 6.0. 
If the equation was solved for optimum pH by taking the first 
derivative with respect to pH and setting it equal to zero, a 
pH of 5.9 would be found. This pH is lower than what is found 
to be optimum by Voss et al. (1965) and Barnes et al, (1960), 
Similar regression equations were computed for straw yield, 
% N, % P and % K in the whole plant at heading. Only those 
variables having a t-test greater than unity or those involved 
in higher order terms were retained. All equations were highly 
significant using the ratio of mean square for regression to 
residual mean square as the test of significance (F-test). In 
all cases except % P the June temperature variable was retained. 
A temperature by soil test phosphorus interaction was signifi­
cant for straw yield. The partial regression coefficient for 
the temperature by soil phosphorus interaction was negative. At 
a low phosphorus soil test level (less than the mean of 20 pp2m) 
as the June temperature increases the straw and dry matter 
yields increase, whereas, at a high phosphorus soil test level 
as the June temperature increases the straw and dry matter 
yields decrease. 
It is rather difficult to interpret individual main effect 
coefficients in most cases because of the significant inter­
actions. It should be noted that most of the linear terms are 
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retained in the regression equations indicating they should be 
considered for use in the combined analyses. 
The R^ -values show that a significant portion of the total 
sum of squares for these yield measurements has been accounted 
for by the terms retained. The % P and % K equations have 
especially high R^ 's, There are several significant inter­
actions which show that the level of phosphorus or potassium in 
the plant is not only dependent on the level of the specific 
nutrient, but also the level of other nutrients or pH, or both. 
Grain Yields 
Grain yields varied considerably among locations and years 
indicating the importance of environmental conditions in 
determining oat yields. Yield results are given in Table 18 in 
the Appendix. The Howard County and Carrington-Clyde locations 
consistently have given the highest yields. Galva-Primghar 
also had excellent yields in 1965. 
An analysis of variance was calculated on each site-year 
of data, Table 7. Significant treatment differences were found 
in 13 of the 15 site-years, Galva-Primghar and Shelby-Grundy in 
1964 being the exceptions. Replication differences were found 
in 6 site-years of data. These replication differences were 
not consistent over years at any location making it difficult 
to attribute this to soil fertility differences. The extremely 
large replication mean square at Carrington-Clyde in 1965 has 
no simple explanation. Yields were consistently greater on the 
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Table 7 Analysis of variance for grain yield for each site-
year of data. 
Location Sources d.f, 
Mean squares for each year 
T9ÏÏ3 I9^  1965" 
Carrington-
Clyde 
Rep 1 156.78 42.01 
Trt 27 350.32** 106.16** 
Error 27 58.29 37.73 
1,386.03** 
157.95** 
45.28 
Clarion-
Webster 
Rep 
Trt 
Error 
1 
27 
27 
11.61 
60.73** 
10.82 
220.81* 
300.45** 
44.49 
499.81* 
269.93** 
62.05 
Howard 
County 
Rep 
Trt 
Error 
1 
27 
27 
51.00 
183.13** 
36.22 
77.75 
64.57* 
30.45 
7.14 
76.52* 
34.98 
Galva»-
Primghar 
Rep 
Trt 
Error 
1 
27 
27 
40.29 
84.84* 
22.07 
72.46 
72.66 
41.32 
230.04* 
618.25** 
51.25 
Shelby-
Grundy 
Rep 
Trt 
Error 
1 167.62* 339.39** 140.59 
28 100.63** 30.42 150.05** 
28 34.93 32.85 66.73 
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replication downslope suggesting a moisture difference. 
In order to ascertain more fully the effects due to the 
fertilizer elements and limestone, a multiple regression analy­
sis as described under the statistical procedures was made on 
each site-year of data. The partial regression coefficients 
for, linear, quadratic and linear by linear interaction com­
ponents with their significance level and the R^ -value for each 
site-year of data are given in Table 8. 
A nitrogen response was found at 3 of the 5 locations in 
1963, Carrington-Clyde, Howard County and Shelby-Grundy, The 
lack of nitrogen response at the other two locations can be 
explained by the fact that these locations were in alfalfa in 
1962. Yield increases due to phosphorus fertilization were 
found at the Clarion-Webster and Galva-Primghar locations. A 
yield depression due to limestone is indicated by the signifi­
cant negative linear coefficient for limestone at Clarion-
Webster. A highly significant negative nitrogen by phosphorus 
interaction also is present at the same location. 
The 1964 grain yield results are different from those of 
1963. Only the Clarion-Webster location has a positive trend 
for nitrogen response, but all locations have significant posi­
tive responses to phosphorus fertilization. The partial 
regression coefficient for the linear phosphorus variable at 
zero input of nitrogen, potassium and limestone is the initial 
slope of the phosphorus response curve. These coefficients 
range from a high of 1.94 bu/a to a low of 0.49 bu/a 
Table 8 Regression coefficients for each variable, their significance level and the 
R^ -value from fitting a regression equation to grain yield on each site-year 
of data. . 
Locations • ' -
Year Variables Garrington- Clarion- Howard Galva- Shelby-
Clyde ': - ; Wôbster ; ; County Primghar Grundy 
1963 
1964 
N 
P 
K 
L 
n2 
1 
NP 
NK 
NL 
PK 
PL 
KL 
N° 
P 
K 
n2 
1 
NP 
NK 
NL 
+57. 
+  6 .  
r2 
+ 
+ 
+ 
+ 
2 ,  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8937 
7129** 
3140 
9370 
1771 
2348 
9494 
1914 
0026 
2776 
3753++ 
0075 
1490 
0831 
0283 
0.80 
+ 
+ 
+ 
+55. 
0 .  
9, 
0. 
0. 
0 .  
1. 
0 .  
0, 
0 .  
0 .  
0 .  
0.  
0 .  
0 .  
+ 
+ 
+ 
+ 
+" 
3273 
5326 
3312** 
7097 
6744* 
0171 
3149 
1316 
0050 
8152** 
7461 
0212 
1863 
1322+ 
0226 
0.54 
+65. 
+  6 ,  
+ 
+ 
+ 
+ 
+ 
+ 
5, 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
3193 
4099** 
6006+ 
4837 
5465+ 
3103** 
8991* 
2662 
0018 
2902 
2324+ 
0081 
1195++ 
1027+ 
0571 
0.79 
+ 63, 
+  0 .  
+ 13, 
- 3, 
-  0, 
+ 0, 
-  0 ,  
0, 
0 
0 ,  
0 ,  
0 ,  
0. 
0 ,  
0 ,  
+ 
+ 
0580 
6352 
0391** 
0018+ 
3055+ 
0253 
9471+ 
5513+ 
0099+ 
3603+ 
1041 
0091 
0207 
1488++ 
0182 
0.63 
+ 54. 
+ 4. 
+  2 .  
— 1. 
+  0 .  
— 01 
- 0. 
-  0 .  
— 0, 
— 0, 
- 0. 
0 .  
0 .  
0 .  
0 .  
+ 
+ 
5166 
1884** 
8776 
8205 
3832 
3335** 
1577 
0368 
0045 
1868 
0384 
0046 
5181 
1237 
0516 
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+8 6.8087 +64.7174 +96.5680 +65.4827 +68.8892 
+ 0.1169 + 2.1455+ + .5119 
- .1414 + .9628 
+13.1173** +19.3533** +11.0482** + 4.9176 +10.3218* 
+ 0.6004 - 5.0395+ 
- 1.6484 + 2.2645 
- .5771 
+ 0.2232 + 0.4541 + .1923 + .9232* 
- .4526+ 
- 0.1370+ 
- 0.0931 + .0473 
- .2008++ 
- .0869 
- 2.2013* - 3.1875** 
- 3.0928** 
- 3.0073** 
- 1.2194+ 
- 0.1645 + 0.0861 + .2254 
- .5199 
- .1225 
- 0.0087+ 
- 0.0014 
- .0072 
- .0258** + .0061 
- 0.1740 
- 0.3033 
- .1358 + .6575++ 
- .2641 
+ 0.1493 + 0.1811 
- .1530 
- .1770 + .0128 
+ 0.0347+ 
- 0.0223 
- .0389+ + .0596++ + .0139 
Table 8 (Continued) 
Locations 
Year Variables Carrington- Clarion- Howard Galva- Shelby-
Glyde Webster County Primghar Grundy 
NL + 0.0347+ — 0.0223 - .0389+ + .0596++ + .0139 
PK - 0.0031 + 1.568++ + .0243 + 1.7441* - .3532 
PL 0.0388 — 0.1464+ + .1141+ - .0190 - .0641 
KL 0.0388 + 0.0403 + .0431 .0653 + .0505 
0.57 0.77 0.44 0.47 0.27 
N° 
+73.1687 +49.7767 +94.2120 +69.5017 +49.0983 
+ 1.8185 . + 5.7697** + 0.1362 + 8.2239** + 4.2701++ 
P + 1.1389 + 8.9175+ +11.5710** +11.9133* - 1.7730 
K + 6.0982+ + 1.0339 + 0.3668 + 1.4478 k# • 1.2903 
Ln + 0.5910 M 0.1181 — 0.2163 + 0.0989 + 0.0070 
0^ 0.1625 - 0.3018++ 0.0326 0.7488** 0.2446+ 
9^ + 0.7374 - 1.9540+ 2.2181* - 2.4826++ + 2.2488+ 
«" 0.6973 + 0.1788 0.7330++ + 0.4466 + 0.5328 
L2 •» 0.0202+ + 0.0055 + 0.0094+ + 0.0155+ + 0.0123 
NP - 0.6786+ - 0.6942+ + 0.1137 + 0.7902+ 0.4755 
NK + 0.0545 + 0.0386 + 0.2286+ + 0.4685+ M 0.1989 
NL + 0.0440 + 0.0036 0.0503++ 0.0151 0.0410 
PK - 0.2281 + 0.3742 + 0.4648 •*. 1.3404+ M 0.3801 
PL + 0.0615 + 0.0845 —* 0.0468 0.0402 M 0.1831+ 
KL 0 — 0.0276 ** 0.0857 0.0559 0.1836++ + 0.0048 
R 0.41 0.60 0.60 0.82 0.32 
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initial response to the first pound of phosphorus. The lack of 
nitrogen response in several cases is associated with the 
increase in check yields in 1964 compared to 1963. The inter­
cept coefficient in these equations is the predicted yield at 
zero fertilizer and limestone application, thus it is an 
estimate of the check yield. As can be seen from Table 8, the 
predicted check yield increased by 28.9 and 31.3 bu/a at the 
Carrington-Clyde and Howard County locations, respectively. 
Smaller increases are present at the Clarion-Webster and Shelby-
Grundy locations. This difference in check yields is probably 
related to a difference in weather conditions for the two 
seasons. In all cases, May temperatures for 1964 were warmer 
than in 1963 coupled with cooler June temperatures in 1964 than 
in 1963, these 1964 conditions were more favorable for soil 
nitrogen release and early oat growth. This increase in yield 
level may have put more demand on the soil phosphorus supply, 
hence, a greater response to phosphorus fertilization. A sig­
nificant positive response to limestone was found at the Galva-
Primghar location as well as a significant positive phosphorus 
by potassium interaction^  
Nitrogen fertilization was effective at Clarion-Webster, 
Galva-Primghar and Shelby-Grundy in increasing yields in 1965. 
Relatively high check yields again were recorded at the Howard 
County and Carrington-Clyde locations. The response to phospho­
rus was not as great in 1965 as in the previous year, but 
significant positive responses were found at the Howard County 
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and Galva-Primghar locations. From the results on the indi­
vidual experiments, the main response has been to nitrogen and 
phosphorus, but the response to these elements has not been 
consistent at a location from year to year indicating an en-
viroment by fertilizer response relationship. Earlier 
experiments conducted in Iowa indicated the main fertilizer 
response on oats was to nitrogen and phosphorus (Nielsen et al., 
1946). 
The data for the 15 site-years were combined into a yield 
prediction equation, using soil test and weather factors se­
lected in the previous section to characterize differences 
among locations and years. A full model containing all terms 
thought to be relevant was first fitted to the data. The 
variables included are as follows: N, P, K, L, n2, , K^ , L^ , 
NP, NK, NL, PK, PL, KL, n, p, k, a, n^ , p2, a^ , np, nk, na, 
pk, pa, ka, pa^ , Nn, N^ n, Np, Nk, Na, N^ a, Pp, P^ p, Pn, Pk, Pa, 
P^ a, Kk, K^ k, Kn, Kp, Ka, La, L^ a, Ln, Lp, Lk, NPn, NKn, PKp, 
PLp, NPp, NKk, PKk, PLa, ng, pg, kg, Sg, T, TN, TP, TNP, Tn, 
and Tp, where the capital letter N, P and K are applied nitro­
gen, phosphorus, and potassium and L is limestone expressed as 
10 pound increments per acre, the small letters n, p and k are 
surface soil tests for nitrogen, phosphorus and potassium and 
a is pH, the small letters with subscript s, ng, pg, and kg are 
the subsoil tests for nitrogen, phosphorus and potassium and 
ag is subsoil pH, all soil tests have been coded around their 
respective means as described in the footnote to Table 6, and 
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T is the average mean daily June temperature in °F. 
Subsequent equations were fitted retaining only those vari­
ables which had a ;t-test greater than unity or which were in­
volved in higher order terms. The final equation contained 39 
variables. The partial regression coefficients with signifi­
cance levels are presented in Table 9. The equation has a Re­
value of 0.629 which indicates that approximately 63 percent of 
the sum of squares for grain yield have been accounted for by 
these 39 variables. 
The main response appears to be to nitrogen and phosphorus 
as was the case for equations on the individual locations. The 
response to nitrogen and phosphorus is affected by several soil 
factors and June temperature. If average soil test results and 
zero fertilizer and limestone inputs are assumed, then the 
negative temperature coefficient would indicate check yields 
under these stated conditions would be less under warm compared 
to cool June temperatures. This is in agreement with the 
results of Gomez (1960), This also agrees with the general 
observation that oats are grown more extensively in the cooler 
parts of the state. 
All surface soil test linear variables were retained in 
the final regression equation as well as the quadratic coef­
ficients for soil test nitrogen and pH, There also were many 
interactions between soil test measurements retained. In the 
grain yield prediction equation for the check plots discussed 
in the previous section, these interactions of the soil test 
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Table 9 Regression coefficients and levels of significance for 
the regression of grain yield on fertilizer, lime­
stone, soil test and temperature variables. 
Regression Regression 
Variables coefficients Variables coefficients 
bo +267.853516 a2 -8.018945** 
N - 10.518403** nk -0.001258+ 
P + 36.423092** na -0.392221** 
K » 0.524490 pk -0.003845* 
L + 0.054874 pa -0.753975** 
n - 1.250132+ Nn -0.093804** 
P - 15.407330** N^ n +0.006846** 
k + 0.127730** Pp -0.612378** 
a - 12.824653** r P2p +0.149699** 
Ps - 0.647438** Pn +0.051894* 
kg - 0.509804** K2k +0.002453+ 
as + 1.909453+ La -0.527320* 
n2 
- 0.102362++ L^ a +0.014331* 
p2 
- 0.891900++ NPp -0.013239+ 
- 0.025949 NKk -0.002099++ 
L2 
- 0.000892 T -2.774515** 
NP - 0.138136 TN +0.173574** 
NK + 0.005327 TP -0.447683* 
PK + 0.499836+ Tn +0.019370* 
n^  - 0.003740* , Tp , +0.231824** 
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raea sûrement s were not retained due to t-tests of less than 
unity. This difference in terms retained in the two equations 
undoubtedly is related to the change in the soil tests over 
time on those plots receiving a combination of fertilizer and 
limestone. 
Subsoil tests also were retained for phosphorus, potassium 
and pH. The partial regression coefficients for subsoil 
phosphorus and potassium are negative, indicating higher yields 
with low compared to high subsoil test results. Subsoil pH has 
a positive coefficient indicating a higher yield at a high 
compared to a low subsoil pH. These factors do not affect the 
shape of the fertilizer response curve, but only the base level 
Ccheck yield) from which the response surface begins as these 
subsoil tests do not interact with the applied variables. 
A number of interactions between applied fertilizer and 
limestone variables and the surface soil test variables were 
found to be significant. In all but one case, these inter­
actions were between the applied element and the soil test for 
that element, i.e., Nn. The one exception is the applied 
phosphorus by soil test nitrogen interactions. The positive 
coefficient for this interaction indicates that as soil test 
nitrogen results increased, other factors held constant, the 
application of a unit of phosphorus was more effective in 
increasing yield. 
The first derivative of yield with respect to nitrogen or 
phosphorus will give the rate of change of yield with respect 
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to the respective variable, nitrogen or phosphorus and helps to 
assess the factors which were actually affecting the response 
to nitrogen and phosphorus fertilizer. This rate of change 
equation will contain only those variables which have an effect 
on the linear or quadratic, or both terms of the response to 
that element. The rate of change equations for nitrogen and 
phosphorus are as follows: 
 ^= -10.518403 - 0.20472N - 0.138136P + 0.005327K - 0.093804n 
dN 
+ 0.013692Nn - 0.013239Pp - 0.002099Kk + 0.173574T, 
and 
BY _ 36.423092 - 1.783800P - 0.138136N + 0.499836K - 0.612378 
ap ~ 
+ 0.299398P + 0.051894n - 0.013239Np - 0.447683T. 
The intercept value for the rate of change equation is the 
initial response to the first infintesimally small increment of 
the factor. Thus in the above equations, those variables which 
cause a change in the intercept value are causing the initial 
response to change. The intercept for the rate of change 
equation for nitrogen is affected by applied phosphorus and 
potassium, soil test nitrogen, phosphorus and potassium and 
June temperature. Similarly, the intercept of the rate of 
change equation with respect to phosphorus is changed by 
applied nitrogen and potassium, soil test nitrogen and phospho­
rus and June temperature. 
The signs of the coefficients of these terms give an 
indication as to the direction of change. In the rate of 
change equation for nitrogen, soil test nitrogen has a negative 
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coefficient indicating that soil nitrogen substitutes for 
applied nitrogen. A positive June temperature coefficient 
indicates that the response to a unit of nitrogen is greater at 
high compared to low June temperatures. The negative applied 
phosphorus and applied phosphorus by soil test phosphorus terms 
suggest less response to applied nitrogen at high compared to 
low levels of either applied or soil test phosphorus, or both. 
The positive coefficient for applied potassium and a negative 
coefficient for the applied by soil test potassium term were 
found. Only soil test nitrogen affects the slope of the rate 
of change line. A negative slope to the rate of change line 
with low soil test nitrogen indicates that decreasing returns 
to the input factor are obtained. As the soil test nitrogen 
level is increased, the slope of the rate of change line 
approaches zero and is zero at a nitrogen soil test of 70 pp2m. 
This indicates that at a soil test nitrogen of greater than 70 
pp2m the yield response surface for nitrogen changes from 
concave downward to concave upward. The equation predicts 
increasing returns to nitrogen input. This is undoubtedly due 
to the geometry of the quadratic model and only occurs near the 
upper limits of the observations, little significance can be 
attached to this phenomena based on present data. 
Similarly for the rate of change line for phosphorus, a 
negative soil test phosphorus term indicates substitution of 
soil phosphorus for applied phosphorus. The negative June 
temperature coefficient indicates the initial slope of the 
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response surface would be greater at low compared to high June 
temperatures, A greater initial response to applied phosphorus 
is indicated at high compared to low soil test nitrogen levels 
by the positive coefficient for this term. The initial 
response also is greater at low compared to high applied nitro­
gen levels. A positive applied potassium term also was found. 
The slope of the rate of change line is decreased by high 
compared to low soil test phosphorus levels and the slope is 
zero at a soil test phosphorus level -of 25 pp2m. 
With little evidence available for an expected yield re­
sponse to potassium or limestone, these variables were assumed 
to be held at zero level of input for prediction of nitrogen 
and phosphorus responses. Under these conditions only June 
temperature and soil test nitrogen and phosphorus affect the 
fertilizer response equation for nitrogen and phosphorus. All 
other uncontrolled factors, i.e., soil test potassium and pH, 
subsoil phosphorus, potassium and pH, only affect the check 
yield and not the shape of the response function under these 
conditions. To determine the combinations of nitrogen and 
phosphorus which would give a certain yield level, isoquant 
maps were developed. Four combinations of nitrogen and 
phosphorus soil test and June temperature conditions were 
assumed with potassium and limestone at zero input and all 
other soil test measurements at their respective mean level. 
When low soil tests for nitrogen and phosphorus (35 and 
10 pp2m, respectively) are assumed at 67°F average mean daily 
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June temperature, Figure 1, the isoquants at low yield levels, 
80 or 85 bu/a, are relative straight and indicate economic 
substitution of nitrogen for phosphorus is possible to obtain 
a given yield. At the higher yield levels, the isoquants have 
a shorter radius of curvature indicating that the range of 
economic substitution of nitrogen for phosphorus or vice versa 
is not as great. To obtain a yield of 95 bu/a or above it is 
necessary to use both nitrogen and phosphorus, whereas 90 bu/a 
could be obtained by applying 14 pounds of phosphorus and no 
nitrogen. The isoquants are further apart at the high yield 
level indicating decreasing returns to the input factors. The 
ridge lines are nearly parallel to the respective axis 
indicating the nitrogen by phosphorus interaction to be close 
to zero. If the cost of a unit of phosphorus is assumed to be 
twice that of nitrogen, then an isocline with a slope of 0.5 
would indicate the least cost combination of nitrogen and 
phosphorus to give a specified yield level. 
If a higher June temperature (72°F) is assumed, with low 
soil test nitrogen and phosphorus, the yield levels are much 
lower, but good responses are still possible under these 
conditions. However, the maximum yield attained is not as 
great as at the lower June temperature. At yields of 60 bu/a 
or less, either nitrogen or phosphorus alone can be used to 
achieve the given yield, but at 65 bu/a or above, phosphorus 
alone will not produce this yield level. As in the previous 
case the ridgelines are nearly vertical and horizontal 
Figure 1 Isoquents for grain yields as affected by nitrogen and phosphorus at low 
soil test nitrogen (35 pp2m) and phosphorus (10 pp2m) and 67°F average mean 
daily June temperature. (Dashed lines are ridge lines and the complete 
graph is within limits of observations.) 
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indicating the nitrogen by phosphorus interaction to be ap­
proaching zero. The change in the June temperature assumption 
actually has only affected the linear coefficients of the 
nitrogen and phosphorus response, increasing the linear nitro­
gen coefficient and decreasing the linear phosphorus 
coefficient compared to the low June temperature situation. 
This would account for the shift in the orientation of the 
isoquants to favor the use of more nitrogen in Figure 2 
compared to Figure 1. The isoquants increase in distance apart 
as the yields approach maximum indicating decreasing returns to 
the input factors. 
If the soil test levels for nitrogen and phosphorus are 
increased to the mean values used for coding (55 and 20 pp2m, 
respectively), then the response to applied nitrogen and 
phosphorus is not as great. In Figure 3, June temperature is 
assumed to be 67°F, but the predicted yield isoquants do not 
attain the same yield magnitude with nitrogen and phosphorus 
applied, as in Figure 1 with low soil test nitrogen and 
phosphorus. This seems to suggest that soil supply and ferti­
lizer supply of nitrogen and phosphorus are not additive nor 
perfect substitutes in their effect on yield. In Figure 3 
nitrogen does not readily substitute for phosphorus. This is 
quite similar to the case in Figure 1. The ridge lines make a 
less than 90 degree angle with their respective axes indicating 
a negative nitrogen by phosphorus interaction. The isocline 
with a slope of 0.5 (the price.of phosphorus is twice that of 
Figure 2 Isoquants for grain yields as affected by nitrogen and phosphorus at low 
soil test nitrogen (35 pp2tn) and phosphorus (10 pp2m) and 72°F average 
mean daily June temperature. (Dashed lines are ridge lines and the 
complete graph is within limits of observations.) 
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Figure 3 Isoquants for grain yields as affected by nitrogen and phosphorus at the 
mean soil test nitrogen (55 pp2m) and phosphorus (20 pp2m) and 67°F 
average mean daily June temperature. (Dashed lines are ridge lines and 
the complete graph is within limits of observations.) 
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nitrogen) does not intersect any of the graphed isoquants 
indicating that only a limited number of nitrogen and phospho­
rus rates could be used at the high yield levels (above 92.5 
bu/a) for least cost production. 
If June temperature is assumed to be 72°F, Figure 4, then 
phosphorus is a very poor substitute for nitrogen over a con­
siderable range of the data. The predicted yield levels 
attained in comparison to Figure 2 which has low soil test 
nitrogen and phosphorus and the same temperature are consider­
ably higher. This points out the complex interrelationship of 
weather, soil and fertilizer in the yield results. 
Dummy variables were used for locations to determine if 
any location differences were not accounted for by the soil and 
temperature factors used. A highly significant reduction in 
the residual sum of squares was found. When the same technique 
was used on the check yields in a previous section, the 
reduction in the residual sum of squares was not significant. 
This difference would imply that some environmental factor is 
affecting the level of yield of the fertilized plots different­
ly than it is affecting the check plots, A dummy variable also 
was used for year's fertilized and was found highly signifi­
cant. A positive coefficient was found for this term indicating 
better yield on the same plots after one and two years of 
fertilization. 
Yields also were predicted for each plot and the agreement 
with the observed yield examined. If the equation was 
Figure 4 Isoquants for grain yields as affected by nitrogen and phosphorus at the 
mean soil test nitrogen (55 pp2m) and phosphorus (20 pp2m) and 72 F 
average mean daily June temperature. (Dashed lines are ridge lines and 
the complete graph is within limits of observations,) 
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adequately describing the data, then there should be a uniform 
number of large positive and negative deviations of observed 
minus predicted yields at any yield level. The results for 
this set of data indicate that the equation has a tendency to 
overpredict the low yields and underpredict the high yields. 
This could be due to having a wrong model or to not including 
some fertilizer by environmental interaction. The observed 
yields that seemed to have the greatest effect on this situ­
ation were those from Galva-Primghar in 1964 and 1965. The 
uncontrolled variables were almost identical for the two years, 
but the response to the applied nitrogen was two to three 
times as great in 1965 as in 1964 yet no reasonable explanation 
is evident for this difference and consequently, no factor was 
entered into the prediction equation to account for this 
difference. The resulting regression analysis on these yields 
has then predicted the average, hence, overpredicted the low 
yields and underpredicted the high yields. 
In summary, grain yield increases have been found for 
nitrogen and phosphorus application. The predicted response to 
nitrogen and phosphorus was found to be influenced by the 
uncontrolled factors of soil test nitrogen and phosphorus and 
the average mean daily temperature for June. Oat yields were 
found to be greater under conditions of cool compared to warm 
June temperatures. The response to nitrogen was greater under 
warm compared to cool June temperature, whereas, phosphorus 
response was greater under situations of cooler June 
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temperatures. Greater responses were found at Low compared to 
high soil test levels for nitrogen and phosphorus. 
Straw Yield 
In many instances, thé increased production of straw 
associated with fertilization of oats is desirable. The value 
of straw for livestock bedding or for roughage is relatively 
good. A majority of the farmers in Iowa bale the straw after 
harvesting of the oats grain. Thus the effect fertilization of 
the oats has on straw yield is quite important in determining 
net returns from fertilization. 
Straw yields were mostly between 1 and 2 T/a with a mean 
for all plots of 1.57 T/a. The grain and straw production 
appear, in most cases, to be quite closely related. These 
results agree with earlier investigations (Lamb and Salter, 
1937 and Carson, 1947). The recorded straw yields are given 
in Table 18 in the Appendix along with other measurements made 
on the individual plots, A highly significant positive 
correlation was found between grain yield and straw yield within 
data for each site-year except at Howard County in 1964, where 
little response to the applied fertilizer and limestone was 
found for either grain or straw. The quantity of straw pro­
duced is not, however, an exact indication of the grain yield. 
The conditions which govern straw production are not neces­
sarily the same as those which govern grain production. For 
example, straw production has been excellent at the 
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Shelby-Grundy location, but grain yields have not been as good 
at this location as at several of the other locations. This 
poor grain production appears to be due to less favorable 
weather conditions. 
A multiple regression equation relating straw yield to 
treatment was computed for each site-year to obtain an idea of 
the fertilizer or limestone response present at each site-year, 
Table 10, The terms included were the same as those used for 
grain yield prediction in the previous section. As in the 
results for grain yield in 1963, straw yields were found to 
increase at a decreasing rate to nitrogen fertilization at three 
of the locations, Carrington-Clyde, Howard County and Shelby-
Grundy, The other two locations were in alfalfa the previous 
year and no increase due to nitrogen was expected and not 
found, A response to phosphorus fertilization was present at 
Clarion-Webster, Howard County and Galva-Primghar, The lowest 
O 
of the R -values for the equations on the 1963 data is 0,55 
indicating that these equations are explaining at least 55 per­
cent of the respective total sums of squares. 
The 1964 results are quite different. Only the 
Carrington-Clyde and Clarion-Webster locations are exhibiting 
any response to nitrogen. The lack of response at Howard 
County and Shelby-Grundy is related to the increase in the no 
check yields. The check yields have increased from 1,00 to 
1.50 T/a and from 1.02 to 1,49 T/a for Howard County and 
Shelby-Grundy, respectively. This increase in the check yield 
Table 10 Regression coefficients for each variable, their significance level and the 
R^ -value from, fitting a regression equation to straw yield on each site-year 
of data. 
Locations 
Year Variables Garrington- Clarion- Howard Galva- Shelby-
Clyde Webster County Primghar Grundy 
1963 
1964 
N 
P 
K 
I 
NP 
NK 
NL 
PK 
PL 
KL 
P 
K 
i 
NP 
NK 
NL 
R" 
+ 
+ 
+ 
+ 
•f 
1.0181 
0.1195** 
0.0163 
0.0187 
0.0031 
0.0039+ 
0.0208 
0.0095 
0.0003+ 
0.0002 
0.0055 
0.0014++ 
0.0099 
0.0005 
0.0004 
0.73 
+ 
+ 
+ 
1.2795 
0.0036 
0.1726* 
0.0084 
0.0010 
0.0012 
0.0465* 
0.0029 
0.0001 
0.0057 
0.0022 
0.0006+ 
0.0080 
0.0012 
0.0017+ 
0.70 
+ 
0.9971 
0.1303** 
0.1376+ 
0.0271 
0.0018 
0.0106** 
0.0825** 
0.0200+ 
0.0004++ 
0.0100+ 
0.0006 
0.0000 
0.0367 ++ 
0.0027 
0.0035++ 
0.55 
+ 
+ 
+ 
+ 
+ 
+ 
0.9958 
0.0186+ 
0.1925** 
0.0019 
0.0047 
0.0007 
0.0310* 
0.0024 
0.0000 
0.0064+ 
0.0008 
0.0002 
0.0065 
0.0013+ 
0.0000 
0.73 
+ 
+ 
1.0274 
0.0855** 
0.0503 
0.0687+ 
0.0065 
0.0039++ 
0.0084 
0.0015 
0.0001 
0.0035 
0.0014 
0.0004 
0.0155+ 
0.0012 
0.0016+ 
0.60 
+ 1.3305 + 0.8671 + 1.5011 + 0.8780 + 1.4850 
+ 0.0522++ + 0.0578* + 0.0143 + 0.0163 + 0.0208 
+ 0.1415++ + 0.2033** + 0.0588 + 0.0922+ + 0.1594* 
+ 0.0210 - 0.0531 + 0.0870 - 0.0410+ + 0.0305 
- 0.0043 + 0.0086+ - 0.0101+ + 0.0047 0.0092+ 
- 0.0029+ - 0.0049* - 0.0014 — 0.0010 M 0.0007 
- 0.0127 - 0.0561** M 0.0286+ — 0.0243++ 0.0129 
+ 0.0030 
- 0.0011 - 0.0060 + 0.0047 + 0.0004 
— 
0.0001 
— 0.0002+ - 0.0001 — 0.0002+ + 0.0002+ 
-
0.0079+ + 0.0057 + 0.0021 — 0.0011 + 0.0076+ 
— 
0.0035 + 0.0051+ - 0.0041 — 0.0053+ 0.0015 
+ 0.0006 
-
0.0003 + 0.0006 + 0.0004 — 0.0002 
Table 10 (Continued) 
Locations '  ^
Year Variables Garrington- Clarion- Howard Gaiva- Shelby-
Glydé Webster County Pritaghàf Grtindy 
1965 
PK 
PL 
KL 
0 
R 
N 
P 
K 
I 
NP 
NK 
NL 
PK 
PL 
KL 
+ 0.0016 
+ 0.0015 
- 0,0007 
0.60 
+ 
+ 
+ 
+ 
+ 
+ 
R" 
1.3356 
0.1117** 
0.0713 
0.0039 
0.0092 
0.0057++ 
0.0203 
0.0115 
0.0001 
0.0080 
0.0075+ 
0.0004 
0.0091 
0.0029 
0.0011 
. . . . .  0 . 6 6  
+ 0.0148+ 
+ 0.0007 
+ 0.0002 
0.78 
+ 
+ 
+ 
+ 
1.1216 
0.2584** 
0.2609+ 
0.0848 
0.0111 
0.0176** 
0.0915* 
0.0226+ 
0.0002 
0.0074 
0.0079 
0.0004 
0.0148 
0.0061+ 
0.0004 
0.76 
- 0.0070 
+ 0.0039* 
+ 0.0006 
0.30 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.3799 
.0412+ 
.1232+ 
.0363 
.0032 
.0003 
.0161 
.0088 
.0001 
.0007 
.0011 
.0009+ 
.0009 
.0006 
.0008 
0.62 
+ 0.0208* 
- 0.0008 
+ 0.0003 
0.43 
+ 
+ 
+ 
+ 
+ 
1.1644 
0.1388** 
0.2940** 
0.0132 
0.0144+ 
0.0067* 
0.0551* 
0.0069 
0.0004++ 
0.0038 
0.0012 
0.0001 
0.0074 
0.0013 
0.0010 
0.80 
- 0.0273* 
- 0.0017+ 
+ 0.0010 
0.60 
+ 
+ 
1.3856 
0.2841** 
0.0285 
0.0394 
0.0043 
0.0179** 
0.0261 
0.0123 
0.0001 
0.0033 
0.0087 
0.0013+ 
0.0148 
0.0024 
0.0028+ 
.. 0 .,7.4 
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was attributed to more favorable weather conditions in 1964 
compared to 1963. There also was more response to phosphorus 
noted in 1964 than in 1963, however, the response was not as 
pronounced for straw as for the grain yield. Significant 
phosphorus by potassium interactions were found at Galva-
Primghar and Shelby-Grundy locations. The positive partial 
regression coefficient at Galva-Primghar indicates that in­
creased straw yields were found if fertilization with 
phosphorus or potassium, or both was done. At Shelby-Grundy, 
a negative phosphorus by potassium interaction was found and 
could be interpreted to mean that the effect of a pound of 
phosphorus fertilizer would be less with high compared to low 
potassium fertilization. The extremely low R2-value (0.30) of 
the Howard County data indicates that these applied fertility 
variables are not accounting for much variation in straw 
yields. 
Significant straw yield responses to nitrogen were re­
corded in 1965 at Garrington-Clyde, Clarion-Webster, Galva-
Primghar and Shelby-Grundy. All locations showed the response 
to an added increment of nitrogen to decrease as the rate of 
nitrogen fertilization was increased. As in the previous two 
years, there was a significant curvilinear response to phospho­
rus at Clarion-Webster and Galva-Primghar. The R2-values for 
the individual locations in 1965 indicate a relatively large 
portion of the straw yield total sums of squares has been 
accounted for by the variables used. 
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Potassium or limestone application appear to have little 
direct influence on straw yield. This lack of response to 
potassium is in agreement with previous work done in Iowa 
(Nielsen ^  , 1946) . 
Data from the 15 site-years were combined and a multiple 
regression equation fitted using similar terms as described for 
grain yield to explain differences among site years. Terms 
were retained in the equation if the trtest of their partial 
regression coefficient was greater than unity or if there were 
significant higher order terms retained which included the 
term. The final equation selected contained 34 variables and 
had an value of 0.503, Table 11. The r2-value seemed rather 
low considering the relatively "good fit," in general, on the 
individual site-years of data. 
Of the terms retained, there were none containing the 
limestone variable or any interaction of limestone indicating 
under these conditions that the low rates of limestone used had 
little influence on straw yield. A highly significant negative 
June temperature effect was found. If average soil tests and 
no fertilizer input are assumed, the negative June temperature 
indicates higher straw yield under cool compared to warm June 
temperatures. A similar effect of June temperature was present 
for the grain yields discussed in the previous section. 
Negative effects on straw yield were found for subsoil 
test phosphorus and pH. The negative effect of subsoil 
phosphorus does not seem logical as straw yields would normally 
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Table 11 Regression coefficients and levels of significance for 
the regression of straw yield on fertilizer, soil 
test and temperature variables. 
Regression Regression 
Variables coefficients Variables coefficients 
bo +4.124265 a2 +0.276489** 
N +0.061967** na +0.002308+ 
P -1.083819** pk +0.000120* 
K -0.005151 ka +0.002836** 
n +0.103126** Nn -0.001753** 
P +0.370414** N^ n +0.000129* 
k +0.000263 Np -0.001731++ 
a +0.110718* Na +0.010452+ 
Ps -0.011419** Pk -0.000353+ 
-0.072601* Kn -0.000499+ 
n2 
-0.004190** Ka -0.029866* 
p2 
-0.028897** NPp +0.000527+ 
NP -0.028897** NKk -0.000037* 
NK -0.001671 T -0.043532** 
PK +0.009439+ TP +0.016817** 
n2 +0.000264** Tn -0.001410** 
p2 
-0.000819** Tp -0.005122** 
+0.000017** 
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be expected to be greater within limits as the soil supply of 
phosphorus increases. The effect of subsoil phosphorus on 
yield should be the same as that of surface soil phosphorus 
which has a curvilinear positive effect within the limits of 
observed June temperatures. The subsoil pH negative coef­
ficient indicates that lower yields were associated with high 
compared to the low subsoil pH observations. 
If a June temperature is assumed within the limits of 
observations (64.5 to 74°F) and no fertilizer is applied, then 
the surface soil tests indicate increased yields of straw as 
the soil tests increase. A curvilinear effect (significant 
quadratic terms) are noted for all soil tests. Soil test 
nitrogen, potassium and pH indicate straw yields increase at an 
increasing rate (positive linear and quadratic coefficients) as 
the soil tests increase, whereas, soil test phosphorus indi­
cates increased yields at a decreasing rate (positive linear 
and negative quadratic coefficient) as soil test phosphorus 
increases. Positive interactions also were present between 
soil test nitrogen and pH, soil test phosphorus and potassium 
and soil test potassium and pH. 
Negative interactions of June temperature with soil test 
"nitrogen and soil test phosphorus were found. This indicates 
that given soil nitrogen and/or phosphorus levels were more 
effective in straw yield production when June temperatures were 
cool in contrast to warmer June conditions. A positive June 
temperature by applied phosphorus interaction was found 
87 
indicating a greater initial response to phosphorus under the 
warmer June conditions. June temperature did not, however, 
have a significant effect on the nitrogen response. 
The first derivative of straw yield with respect to 
nitrogen will give the rate of change of straw yield with re­
spect to nitrogen and gives an indication of factors affecting 
the straw yield response surface for nitrogen. The rate of 
change equation is: 
as _ 0,051967 - 0.008380N + 0.004135P - 0.001671K - 0.001753n 
JN ~ 
+ 0.000258Nn - 0.001731p + 0.010452a + 0.000527Pp -
0.000037Kk, 
where S is straw yield, N, P and K are applied nitrogen, 
phosphorus and potassium in units shown in statistical pro­
cedure , and n, p, k and a are soil test nitrogen, phosphorus, 
potassium and pH in units shown in Table 6. Those variables 
which affect the initial slope of the response surface. Thus 
the initial response to nitrogen was increased by applied 
phosphorus compared to no application and high compared to low 
soil pH. The applied by soil test phosphorus interaction 
increases in the positive direction with more applied phospho­
rus or at a higher soil test phosphorus, or both. A negative 
effect on the initial response to nitrogen was attributed to 
applied compared to no potassium application, high compared to 
low soil test nitrogen and high compared to low soil test 
phosphorus. The initial response to nitrogen was less at the 
high compared to low soil test potassium at a given level of 
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potassium application or by increasing the potassium rate at a 
given soil test potassium level. 
The curvature of the nitrogen response surface is changed 
by factors interacting with the second order term. These 
factors are reflected in the rate of change line by their 
effect on the slope of the rate of change line. Only soil test 
nitrogen was found to change the slope. With a low nitrogen 
soil test, the slope of the rate of change line (second deriva­
tive) is negative indicating decreasing returns to the input 
factor. As the soil test nitrogen level increases, the 
negative slope decreases, indicating that the curvature of the 
nitrogen response surface is less. This would indicate a much 
flatter response surface starting at a higher initial yield 
level with only a limited response to attain maximum yield. 
As soil test nitrogen becomes still higher, the slope of the 
rate of change line changes from positive to negative. The 
nitrogen response surface then becomes concave upward sug­
gesting increasing returns to the input factor, however, as 
this only occurs at a nitrogen soil test of 88 pp2m or greater 
which are on the upper limit of the observations, little 
significance can be attached to this phenomena based on present 
data. 
Similarly a rate of change of straw yield with respect to 
phosphorus equation can be obtained. 
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 ^^ - 1.083819 - 0.057794P + 0.004135N + 0.009439K -
&Y 
0.000353k + 0.000527Np + 0.016817T 
The intercept value of the rate of change line is changed by 
applied nitrogen and potassium, June temperature and soil test 
potassium and phosphorus. By applying nitrogen and/or 
potassium the intercept value of the rate of change line is 
increased compared to no application, indicating a greater 
initial response to phosphorus. June temperature also has a 
positive effect, a greater response to phosphorus at high 
compared to low June temperature. Soil test potassium was 
found to be negative in its effect, less response to phospho­
rus at high compared to low potassium soil test levels. A 
positive nitrogen by soil test phosphorus interaction also was 
present. At a given phosphorus soil test, nitrogen fertili­
zation compared to no nitrogen increased the initial response 
to phosphorus. The slope of the rate of change line for 
phosphorus was not significantly affected by any controlled or 
uncontrolled factors indicating a constant curvature to the 
phosphorus response curve under all conditions observed in the 
data. 
Isoquant maps were developed for the straw yields using the 
same conditions as for grain yields, i.e., soil test potassium 
and pH and subsoil tests at their respective mean levels and 
zero input of potassium. If low soil tests for nitrogen and 
phosphorus (35 and 10 pp2m, respectively) and 670F June 
temperature are assumed, the isoquant map. Figure 5, indicates 
Figure 5 Isoquants for straw yields as affected by nitrogen and phosphorus at low 
soil test nitrogen (35 pp2m) and phosphorus (10 pp2m) and 67°F average 
mean daily June temperature. (Dashed lines are ridge lines and the 
complete graph is within limits of observations.) 
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relatively little apparent substitution of phosphorus for 
nitrogen. The nearly vertical isoquants at all predicted yield 
levels indicate that nitrogen is the primary element needed for 
increasing yield. The predicted maximum yield (1.28 T/a) is at 
Ô lbs/a of phosphorus and 84 lbs/a of nitrogen. The predicted 
yield increase was nearly 0.5 T/a of straw. The ridge lines 
indicate a small negative interaction between nitrogen and 
phosphorus. If the price of nitrogen is half that of phospho­
rus, then the isocline of 0.5 slope would indicate a least cost 
combination of nitrogen and phosphorus only near predicted 
maximum yield. The isoquant map for grain yield indicated a 
predicted maximum yield at approximately 62 and 24 lbs/a of 
nitrogen and phosphorus compared to 84 and 6 lbs/a of nitrogen 
and phosphorus for the straw yield. Thus, more phosphorus was 
necessary under these stated conditions for maximum grain yield 
than for maximum straw, whereas, the reverse was true for 
nitrogen needs. 
If the average June temperature is assumed to be 72°F 
instead of 67°F, then the resulting isoquants are shown in 
Figure 6. At the lower yield levels (less than 1.3 T/a) the 
nearly vertical isoquant indicates that phosphorus is a poor 
economic substitute for nitrogen. At the high yield level 
(1.5 T/a), the isoquant does not intersect either axis and has 
a short range of economic substitutions of phosphorus for 
nitrogen. The isoquants are further apart as maximum yield is 
approached indicating decreasing returns to the input factors. 
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Figure 6 Isoquants for straw yields as affected by nitrogen and phosphorus at low 
soil test nitrogen (35 pp2m) and phosphorus (10 pp2ni) and 72°F average 
mean daily June temperature, (Dashed lines are ridge lines and the 
complete graph is within limits of observations.) 
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The predicted maximum grain and straw yields under the assumed 
conditions were found to occur at nearly the same rates of 
nitrogen and phosphorus application (19 and 80 lbs/a for grain 
compared to 20 and 83 lbs/a for straw). 
Under conditions of average soil test nitrogen (55 pp2m) 
and phosphorus (20 pp2m) and 67°F June temperature, Figure 7, 
phosphorus substitutes inefficiently for nitrogen at the low 
yield levels, but phosphorus does substitute economically for 
nitrogen at the 1.45 T/a yield level. This is assuming that 
the price of phosphorus is twice that of nitrogen. There is 
less than a 90° angle between the ride lines indicating a 
positive interaction between nitrogen and phosphorus. This 
change in the sign of the nitrogen by phosphorus interaction 
compared to the situation in Figures 5 and 6 was due to the 
change in the assumed soil test phosphorus which is positively 
related to the nitrogen by phosphorus interaction. Maximum 
straw yield was found at 80 and 13 lbs/a of nitrogen and 
phosphorus. This is a much higher rate of nitrogen than was 
necessary for maximum grain yield (32 lbs/a) under the same 
assumed conditions and a lower rate of phosphorus (13 compared 
to 34 lbs/a). This indicates that under the cool June temper­
ature conditions, the maximum production of grain and straw did 
not occur with the same combination of nitrogen and phosphorus. 
At a June temperature of 72°F, Figure 8, a wide range of 
economic substitution of nitrogen for phosphorus or vice versa 
is possible at all yield levels. Again a positive nitrogen by 
Figure 7 Isoquants for straw yields as affected by nitrogen and phosphorus at the 
mean soil test nitrogen (55 pp2tti) and phosphorus (20 pp2m) and 67°F 
average mean daily June temperature. (Dashed lines are ridge lines and 
the complete graph is within limits of observations.) 
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Figure 8 Isoquants for straw yields as affected by nitrogen and phosphorus at the 
mean soil test nitrogen (55 pp2m) and phosphorus (20 pp2m) and 72°F 
average mean daily June temperature, (Dashed lines are ridge lines and 
the complete graph is within limits of observations.) 
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phosphorus interaction is indicated by the ridge lines having 
less than a 90° angle between. At the high yield levels 
neither nitrogen nor phosphorus alone will give this yield 
level. The predicted maximum yield (1.44 T/a) is less than the 
predicted maximum yield under the low soil test nitrogen and 
phosphorus situation, Figure 6, There is an indicated need for 
more phosphorus under the higher soil test conditions of Figure 
8 than under low soil tests in Figure 6 at the same yield 
level. This does not seem entirely logical, however, this must 
be interpreted in light of higher grain yields at the higher 
soil test levels (Figure 4 versus Figure 2) increasing the 
phosphorus demands. Maximum straw yields occurred at 88 lbs/a 
nitrogen and 28 lbs/a phosphorus, whereas, maximum grain yield 
occured at 85 lbs/a nitrogen and 17 lbs/a phosphorus. 
To summarize, predicted maximum straw yields were found to 
be higher under warm compared to cool June temperatures at low 
soil test nitrogen and phosphorus, but the reverse was true of 
mean soil test nitrogen and phosphorus. The need for phosphorus 
fertilizer was greater with the warm June temperatures (positive 
TP interaction). Nitrogen fertilizer necessary for maximum 
straw yield was almost equal for the four assumed conditions. 
In comparison to grain yield, less phosphorus was needed for 
maximum straw yield especially at the cooler June temperatures. 
The nitrogen rate necessary for maximum straw yield compared to 
maximum grain yield were greater under the cool June temper­
ature conditions, but were of equal magnitude at the warmer 
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June temperatures. 
Nitrogen Percentage in the Whole Plant at Heading 
Plant samples were taken from each plot when approximately 
75 percent of the heads had emerged. This stage of development 
should reflect the nutrient content of the plant just before 
flowering and subsequent grain development. The plant samples 
were oven dried, ground and analyzed for total % N, % P and % 
K. 
A considerable difference in % N was found within and among 
locations and years, Table 18 in the Appendix. The % N was 
found to range from a low of 1.10% to a high of 3.30%. It is 
quite evident in Table 18 that a difference in % N within a 
site-year is due to applied nitrogen. The data also indicated 
a wide variation in the % N among site-years. 
Nitrogen percentage in the plant was related to the applied 
fertilizer and limestone variables by regression analysis for 
each site-year as in the previous sections on grain and straw 
yield, Table 12. The regression analyses indicate that the 
primary factor causing a change in the % N was the applied 
nitrogen. The effect of the fertilizer elements and limestone 
on % N appear relatively independent of each other as only a 
very few significant interactions were found. No nitrogen by 
phosphorus or nitrogen by limestone interaction was signifi­
cant, In 3 of the 15 site-years, Carrington-Clyde and 
Clarion-Webster in 1963 and Howard County in 1965, a 
Table 12 Regression coefficients for each variable, their significance level and the 
R^ -value from fitting a regression equation to the nitrogen percentage in 
the whole plant on each site-year of data. 
Year Variables Gamngton-
le 
Clarion 
Webster 
Locations 
Howard 
Couhty 
Galva— Shelby-
Griindy 
1963 
1964 
N 
P 
K 
I 
NP 
NK 
NL 
PK 
PL 
KL 
? 
P 
K 
1 
NP 
NK 
NL 
R^  
+ 
+ 
+ 
4" 
1.2415 2.6532 1.6152 2.9837 1.7325 
0.1259** + 0.0837** . + 0.1345** + 0.0200 + 0.1008** 
0.2403** — 0.2248* — 0.0085 - 0.1262+ 0.2314* 
0.0088 + 0.0251 mm 0.0090 - 0.0544 — 0.0862+ 
0.0068+ — 0.0142++ mm 0.0064 + 0.0059 0.0201* 
0.0025++ - 0.0016 0.0049+ — 0.0023 + 0.0036+ 
0.0510** + 0.0256+ -, 0.0264 + 0.0171 0.0252+ 
0.0007 + 0.0131+ - 0.0054 + 0.0120+ + 0.0076 
0.00003 + 0.0004++ — 0.00001 + 0.0000 0.0002 
0.0039 + 0.0111+ + 0.0048 + 0.0094+ + 0.0027 
0.0064* - 0.0090++ - 0.0014 + 0.0006 mm 0.0071+ 
0.0002 + 0.0001 + 0.0003 + 0.0006 0.0010+ 
0.0201* - 0.0078 + 0.0063 mm 0.0037 + 0.0425* 
0.0018+ + 0.0026+ + 0.0009 — 0.0018 — 0.0026+ 
0.0002 — 0.0025++ + 0.0014 — 0.0013 0.0001 
0.91 0.73 0.79 0.40 0.89 
1.6238 + 2.3220 + 1.9557 + 2.0736 + 2.1480 
0.1388** + 0.0709+ + 0.0844* + 0.0549++ 0.0793++ 
0.0800 
— 0.3195** 0.0152 + 0.0262 0.2158++ 
0.0103 + 0.0148 mm 0.0179 — 0.1025+ + 0.0478 
0.0067 - 0.0139 - 0.0019 — 0.0048 + 0.0041 
0.0040+ - 0.0032 0.0005 • -mm 0.0001 0.0025 
0.0289 + 0.0155 + 0.0069 + 0.0262 0.0142 
0.0008 + 0.0047 + 0.0158 + 0.0058 0.0184+ 
0.0001 + 0.0004+ + 0.0003+ + 0.0001 0.0001 
0.0049 + 0.0095 mm 0.0015 MM 0.0055 + 0.0064 
0.0002 
- 0.0039 — 0.0052 . 0.0016 0.0047 
0.0001 + 0.0001 
- 0.0004 - 0.0002 - 0.0009 
Table 12 (Continued) 
Locations 
Years Variables Garrington- Clarion- Howard Galva- .Shelby-
Clyde Webster County Primghar Grundy 
PK — 0.0028 + 0.0182 + 0.0011 + 0.0045 + 0.0132 
PL — 0.0009 + 0.0038+ — 0.0025 - 0.0039++ + 0.0023 
KL - 0.0006 — 0.0023+ - 0.0020+ + 0.0023+ + 0.0010 
0.86 0.42 0.61 0.49 0.57 
t)Q + 1.5805 + 1.6451 + 2.2622 + 1.6349 + 1.3470 
N + 0.2567** + 0.1517** + 0.1418** + 0.2459** + 0.1292* 
P - 0.1417+ - 0.3407** - 0.1485+ - 0.2207* — 0.0454 
K — 0.0103 — 0.1013+ + 0.0371 + 0.0279 — 0.0503 
L. — 0.0047 + 0.0041 — 0.0160++ - 0.0109+ + 0.0027 
n2 
— 0.0097** - 0-.0016 - 0.0046+ — 0.0064* — 0.0013 
p2 + 0.0138 + 0.0535* + 0.0097 + 0.0501 0.0061 
+ 0.0039 + 0.0149+ + 0.0043 — 0.0013 + 0.0039 
l2 + 0.0002+ + 0.0001 + 0.0003+ + 0.0004++ — 0.0001 
NP + 0.0030 0.0017 + 0.0100 0.0008 + 0.0028 
NK - 0.0034 - 0.0004 - 0.0106++ - 0.0035 — 0.0081 
NL + 0.0001 - 0.0010+ + 0.0003 - 0.0008+ + 0.0002 
PK + 0.0106 + 0.0141 + 0.0004 - 0.0095 + 0.0214 
PL - 0.0025 + 0.0018 + 0.0006 0.0007 _ 0.0020 
KL 9 - 0.0001 - 0.0018+ + 0.0001 0.0003 + 0.0016 0.93 0.86 0.79 0.93 0.71 
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significant (0.1 probability level or greater) interaction of 
potassium with nitrogen was found. All of these interactions 
were negative indicating lower % N at a given rate of nitrogen 
fertilization when potassium fertilizer was applied compared 
to no potassium. 
The applied nitrogen variables indicate that the % N in­
creases with the application of nitrogen, but the rate of 
increase becomes less at the nitrogen application is increased. 
In only three cases, however, does the quadratic term obtain a 
significance at the 0.1 probability level or greater, indicating 
the response to be quite linear within the limits of the obser­
vations. The linear coefficients were found to be significant 
in all cases except at the Galva-Primghar location in 1963. 
The intercept value at zero fertilizer and limestone input, 
which is the predicted check % N and at this location, was 
quite high (2,98%) indicating that soil nitrogen supply was 
probably adequate for oats without nitrogen fertilization. 
This location had been in alfalfa in 1962. 
The initial increment of phosphorus across all nitrogen 
levels decreased significantly the % N at Carrington-Clyde in 
1963, Clarion-Webster in 1963, 1964 and 1965, Galva-Primghar 
in 1965 and 5helby-Grundy in 1963 and 1964. The decrease be­
came less as phosphorus rates increased (positive quadratic 
term). Very little direct influence of potassium or limestone 
was found, Significant positive interactions of potassium with 
phosphorus were found at the Carrington-Clyde and 5helby-Grundy 
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locations. 
As in the previous section, the data from the 15 site-years 
were combined into one multiple regression equation. Initially 
a model including all variables described in the grain yield 
section was fitted. Variables were then dropped on the basis 
of the t-test being less than unity provided the term was not 
involved in a significant higher order term containing this 
variable. A highly significant equation was found which con­
tained 38 variables and had an R^ -value of 0.652, Table 13. 
The % N was increased by nitrogen fertilization, but the 
increase in % N was greater at cool compared to warm June 
temperatures (negative TN). At the mean soil test levels and 
zero input of fertilizer and limestone, the positive partial 
regression coefficient for June temperature indicates that the 
% N was greater under warm compared to cool June temperatures. 
This agrees with findings by Nielsen et al. (1960) in which the 
% N in the oat plant at heading was greater under warm compared 
to cool soil temperature conditions. 
The coefficients of the soil test nitrogen terms indicate 
that the % N increases at a decreasing rate to high compared to 
low soil test nitrogen under mean June temperature conditions 
(70°F) with no application of fertilizer or limestone. Soil 
nitrogen also has a negative interaction with soil phosphorus 
and a positive interaction with pH. Soil test phosphorus has 
a negative influence on % N at the mean June temperature and 
all other soil tests at their respective averages, however, 
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Table 13 Regression coefficients and levels of significance 
for the regression of nitrogen percentage in the 
whole plant at heading on fertilizer, limestone, 
soil test and temperature variables, - -
Variables 
Regression 
coefficients Variables 
Regression 
coefficients 
"^ 0 
N 
P 
K 
L 
n 
P 
k 
a 
ns 
Ps 
s^ 
p2 
NK 
PK 
n2 
k2 
a2 
np 
-3.812668 
+0.200685* 
-0.235956** 
+0.033027++ 
+0.000099 
-0.039700++ 
+0.306276** 
-0.001369** 
+0.475276** 
-0.022713** 
-0.011297* 
-0.353970** 
-0.001473+ 
+0.038259** 
-0.008183** 
+0.003492 
+0.000138** 
+0.000029** 
-0.603775** 
-0.000481** 
na 
pk 
ka 
pa 2 
Nn 
N^ n 
Np 
Na 
N^ a 
Pp 
Kn 
Kp 
La 
NKn 
PKp 
T 
TN 
Tn 
Tp 
+0.011748** 
+0.000222** 
-0.002968** 
+0.020769** 
-0.001440* 
+0.000127++ 
+0.002560** 
-0.072738** 
+0.005343** 
-0.010116** 
+0.001233+ 
-0.002382+ 
+0.004007* 
-0.000275* 
+0.001986++ 
+0.080737** 
-0.001210+ 
+0.000768* 
-0.004605** 
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soil phosphorus is involved in several interactions — negative 
np, positive pk and positive pa^ . Soil potassium displays a 
negative effect on % N, but at a decreasing rate (negative 
linear and positive quadratic). An increase in % N at the 
higher pH observations was found, but the increase was at a 
decreasing rate. 
Fertilizer and limestone application has a definite influ­
ence on the % N, but the influence is hard to separate due to 
the many interrelations with soil test and weather factors. If 
average soil test and June temperature conditions are assumed, 
then % N is mainly a function of the applied nitrogen and 
phosphorus variables. Applied nitrogen increases the % N at a 
decreasing rate, whereas, applied phosphorus decreases. % N at a 
decreasing rate. Potassium fertilization was found to reduce 
the magnitude of the increase in % N due to a given rate of 
nitrogen (negative NK). 
The % N response to nitrogen fertilizer is not only influ­
enced by potassium fertilization, but by soil test nitrogen, 
phosphorus and pH and June temperature. Applied phosphorus 
does not affect the shape of the nitrogen response curve for % 
N. The negative applied nitrogen by soil test nitrogen inter­
action indicates that the effect of applied nitrogen is less at 
high compared to low soil nitrogen, thus soil nitrogen has 
substituted for applied nitrogen. The positive coefficients to 
the quadratic applied nitrogen by soil test nitrogen term (N2n) 
indicates less curvature to the response surface at the high 
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soil test nitrogen levels. 
Phosphorus Percentage in the Whole Plant at Heading 
Total phosphorus analyses on the plant samples taken at 
heading revealed that, in general, a considerable spread in % P 
within a location and among locations and years exists, Table 
18 in the Appendix. The % P was found to range from a low of 
0.13% to a high of 0.39%. Differences between plots receiving 
no phosphorus and those receiving phosphorus are quite apparent 
for several locations, however, little treatment difference is 
evident in the Shelby-Grundy data. Soil test analyses indicated 
that this location was higher than the other locations in plant 
available phosphorus. Upon further investigation, it was found 
that a highly significant positive correlation (0.738) exists 
between the % P and soil test phosphorus for the check plot 
samples across all site-years. This indicates that the differ­
ences among locations in % P can be attributed mainly to a 
difference in soil test phosphorus. 
As in the previous section on % N, a regression equation 
relating % P to the applied variables on each site-year was 
calculated to give some idea of the effect the applied vari­
ables were having on % P, Table 14. The primary applied vari­
able affecting the % P was phosphorus fertilizer. At all 
locations except Shelby-Grundy, at least two of the three years 
showed significant response to phosphorus. In all cases where 
a significant positive linear phosphorus term was found, the 
Table 14 Regression coefficients for each variable, their significance level and the 
Rr-value from fitting a regression equation to the phosphorus percentage on 
each site-year of data. 
Locations 
Year Variables Garrington- Clarion- Howard Galva- Shelby-
Glyde Webster Gounty Primghar Grùndy 
1963 
N° 
P 
K 
i 
NP 
NK 
NL 
PK 
PL 
KL 
+ 
+ 
+ 
+ 
0 .  
0 .  
0. 
0 ,  
0 .  
0 .  
0. 
0, 
0 .  
0 .  
0, 
0. 
0. 
0 ,  
0. 
22473 
00099 
01422+ 
01087++ 
00102+ 
00031+ 
00345+ 
00181++ 
00002+ 
00007 
00079+ 
00001 
00180+ 
00010 
00009 
0.37 
0.19993 + 0.29103 + 0.22783 + 0.27432 
0.00329 - 0.00322 + 0.00026 - 0.00624 
0.03197** - 0.00798 + 0.02288* + 0.00044 
0.00909+ + 0.00218 + 0.00081 + 0.00780+ 
0.00137+ - 0.00326* - 0.00000 - 0.00030 
0.00019 + 0.00049+ - 0.00008 + 0.00022 
0.00422+ +0.00437+ - 0.00506* + 0.00006 
0.00063 + 0.00250++ + 0.00164++ - 0.00108+ 
0.00003+ + 0.00008** - 0.00001 + 0.00002+ 
0.00023 + 0.00005 + 0.00096+ + 0.00148++ 
0.00082+ - 0.00066 - 0.00103* + 0.00001 
0.00006 - 0.00009 + 0.00009+ + 0.00008+ 
0.00045 - 0.00281+ + 0.00025 + 0.00045 
0.00035+ + 0.00041+ + 0.00015 - 0.00028+ 
0.00041* - 0.00014 - 0.00020+ - 0.00007 
0.83 0.43 0.72 0.35 
M O 
VO 
1964 
P 
K 
i 
NP 
NK 
NL 
+ 0.18170 + 0.15310 + 0.22600 + 0. 15370 + 0. 26427 
- 0.00234+ - 0.00083 - 0.00379+ 0. 00513** 0. 00586+ 
+ 0.02464** + 0.02626* + 0.03404** + 0. 02168** + 0. 01657+ 
+ 0.00226 
- 0.00611 - 0.00786+ 0. 00322 0. 00006 
- 0.00003 + 0.00061 - 0.00024 + 0. 00030 0. 00096 
+ 0.00021+ + 0.00000 + 0.00073** + 0. 00026++ + 0. 00024 
— 
0.00373* - 0.00247 - 0.00222 _ 0. 00207+ 0. 00342+ 
-
0.00054 + 0.00057 + 0.00207++ 0. 00009 0. 00124 
+ 0.00000 + 0.00001 + 0.00003+ 0. 00001 + 0. 00001 
+ 0.00145* + 0.00006 - 0.00140+ + 0. 00001 + 0. 00003 
-
0.00001 + 0.00018 — 0.00024 — 0. 00013 + 0. 00072 
— 0.00002 
- 0.00001 
- 0.00007 + 0. 00004 + 0. 00004 
Table 14 (Continued) 
Locations • • 
Year Variables Carrington- Clarion- Howard Gaiva- Shelby-
Clyde Webster County Primghar Grundy 
PK « 0.00043 + 0.00178 0.00029 + 0.00128+ + 0.00007 
PL 0.00000 M 0.00021 - 0.00015 0.00022++ 0.00018 
KL + 0.00004 0.00010 0.00006 + 0.00012+ + 0.00016 
0.87 0.71 0.66 0.79 0.26 
bo + 0.19170 + 0.16977 + 0.21643 + 0.16777 + 0.27628 
+ 0.00259+ - 0.00916** - 0,00076 + 0.00349+ — • 0.00876+ 
P + 0.02610** + 0.05084** + 0.03522** + 0.04005** — 0.00169 
K — 0.00566+ «M 0.00027 - 0.00541 + 0.00170 0.00085 
- 0.00155* + 0.00072 - 0.00161* - 0.00041 + 0.00026 
+ 0.00008 + 0.00102** + 0.00026+ + 0.00005 + 0.00043 
M 0.00117 «M 0.00518* - 0.00637** - 0.00641** + 0.00204 
+ 0.00142* + 0.00103+ + 0.00050 + 0.00020 0.00174 
L2 
. + 0.00004** + 0.00003++ + 0.00002+ + 0.00002+ « 0.00000 
NP — 0.00011 - 0.00036 0.00005 + 0.00108+ + 0.00259+ 
NK - 0.00008 - 0.00010 mm 0.00031 + 0.00003 + 0.00006 
NL + 0.00003 - 0.00015++ + 0.00001 - 0.00009+ + 0.00010 
PK + 0.00019 + 0.00178+ 0.00009 — 0.00076 M 0.00231 
PL - 0.00020+ - 0.00015 + 0.00004 + 0.00007 M 0.00014 
KL O - 0.00006 - 0.00037* + 0.00018+ - 0.00014+ 0.00010 
0,91 0.90 0.62 0,91 0.32 
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quadratic terms were negative indicating an increase in % P at 
a decreasing rate. The quadratic terms were not, however, all 
significant indicating an almost linear response within the 
limits of the observations. The Shelby-Grundy results were 
high in relation to the other locations due to higher soil test 
phosphorus with little difference in % P due to fertilizer and 
limestone evident and this lack of treatment effect is reflected 
in the low R^ -values in all three years. A significant negative 
linear nitrogen coefficient was found in 1963 at Shelby-Grundy 
indicating that % P at all levels of the other elements was less 
with nitrogen than without nitrogen application. A significant 
negative main effect due to nitrogen also was present at Howard 
County and Galva-Primghar in 1964 and Clarion-Webster in 1965. 
Potassium fertilization was found to reduce % P (main 
effect) in two of the three years at Carrington-Clyde. Appli­
cation of limestone decreased % P at Carrington-Clyde in 1965 
and at Howard County in 1963 and 1965. The direct effects of 
nitrogen, potassium and limestone were not consistent at a 
location from year to year. Few interactions of fertilizer and 
limestone were significant, indicating the fertilizer and 
limestone effects to be relatively independent. 
A combined regression equation described in the grain yield 
section was calculated using the soil test and weather factors 
to explain differences among the site-years. Terms were re­
tained in the equation only if their coefficients had a t-test 
greater than unity or if significant higher order terms 
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contained this variable. A highly significant equation was 
found containing 35 terms and had an R^ -value of 0.635, Table 
15. If the % P equation is evaluated at zero input of ferti­
lizer and mean soil test levels, then % P was less at the cool 
compared to the warm June temperatures. This agrees with the 
findings of Nielsen et al. (1960) that % P in the oats was 
greater under warm compared to cool soil conditions. June 
temperature also was found to effect the response to phospho­
rus (positive TP interaction). The % P was increased more by 
phosphorus application under warm compared to cool June temper­
atures. The warmer conditions would indicate an increase in 
the metabolic activity and hence a greater assimilation of the 
applied phosphorus. The negative June temperature by soil 
phosphorus interaction indicates that as soil phosphorus in­
creased it was less effective at a high compared to a low June 
temperature in increasing % P in the plant. 
The % P in the plant increased at a decreasing rate as the 
soil test phosphorus increased under average June temperature 
conditions (positive linear and negative quadratic coefficient). 
Interactions were found between soil test phosphorus and soil 
test nitrogen and soil test phosphorus and soil test potassium. 
y 
The positive partial regression coefficient for the soil test 
phosphorus by potassium interaction indicates that at the 
higher potassium soil test levels, the soil test phosphorus was 
more effective in increasing % P. All surface soil tests have 
significant quadratic terms indicating a curvilinear 
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Table 15 Regression coefficients and levels of significance 
for the regression of phosphorus percentage in the 
whole plant at heading on fertilizer, limestone, 
soil test and June temperature variables. 
Regression Regression 
Variables coefficients Variables coefficients 
0^ +0.372190 NK -0.000317+ 
N -0.001958+ KL -0.000106+ 
P -0.117876** n^  +0.000004+ 
K +0,002365+ p2 -0.000067** 
L -0.000496+ k2 +0.000003** 
n +0.004960* a^  -0.022033** 
P +0.031127** np -0.000014+ 
k +0.000114+ nk +0.000004* 
a +0.033241** na +0.000574** 
ns +0.000381* pk +0.000017** 
Ps +0.000981* Pp -0.002821** 
ks +0.000509** PS +0.000472** 
s^ -0.038707** Pk -0.000129** 
n2 +0.000249* NPp +0.000040+ 
p2 +0.000436 T -0.001784++ 
K2 +0.000464+ TP +0.001710** 
1,2 +0.000018* Tn -0.000068* 
NP +0.000510+ Tp -0.000384** 
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relationship to % P. Subsoil tests for nitrogen, phosphorus 
and potassium have a positive effect on the % P, whereas, 
subsoil test pH has a negative effect. 
The applied fertilizer and limestone variables were re­
tained with linear and quadratic coefficients and several 
interactions (NP, NK and KL). The negative linear and positive 
quadratic coefficients for nitrogen terms indicate that % P is 
decreased at a decreasing rate by nitrogen. Similar findings 
have been reported by Miller and Ashton C1960) and Bishop e^  
al. (1964). The positive potassium coefficients indicate an 
increase in % P by potassium application. Limestone appli­
cation like nitrogen was found to reduce the % P at a 
decreasing rate. 
The % P response surface for phosphorus can best be evalu­
ated as the rate of change equation of % P. 
M _ -0.117876 + 0.000872P + 0.00051N - 0.002821p + 0.000944Pp 
ap 
- 0.000129k + 0.00004NP + 0.00171T 
Those variables which have a positive effect on the intercept 
value of the rate of change when increased have a positive 
effect on the initial % P response to phosphorus, conversely, 
those variables which have a negative effect on the rate of 
change have a negative effect on the initial % P response to 
phosphorus. Increased"nitrogen application and warmer June 
temperatures have a positive effect on the % P response to 
phosphorus. Soil test potassium was found to have a negative 
effect. The negative soil test phosphorus coefficient 
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indicates substitution of soil test for applied phosphorus. 
The initial response to applied phosphorus was less at high 
compared to low phosphorus soil tests. 
The slope of the rate of change line was found to be posi­
tive at the mean soil test phosphorus level indicating in­
creasing returns to the input of applied phosphorus. If the 
soil test phosphorus level is considered to be 10 pp2m instead 
of the mean level (20 pp2m), then the sign of the slope of the 
rate of change line becomes negative. This would indicate the 
expected shape of the % P response surface for phosphorus of 
increasing % P at a decreasing rate as more phosphorus is 
applied. The shape changes to concave upward at a phosphorus 
soil test of 19.1 pp2m. Thus, it is quite apparent that the 
response to phosphorus fertilizer is dependent on the soil test 
phosphorus level. 
Potassium Percentage in the Whole Plant at Heading 
Potassium percentage in the plant samples were not as 
noticeably changed by fertilization as was the case with 
nitrogen and phosphorus percentage, Table 18 in the Appendix. 
There were, however, differences among locations and years. 
The % K was highest in samples from Galva-Primghar and Shelby-
Grundy and these two locations also were the highest in soil 
test potassium. A positive correlation between % K in the 
plant and soil test potassium of 0.790 was found for the check 
plot data across all site-years. Differences in % K among 
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locations appears to be primarily due to different levels of 
soil test potassium. 
A multiple regression analysis was calculated for each 
site-year of data to give an indication of the effect ferti­
lizer and limestone treatments had on the % K, Table 16. 
Phosphorus fertilization appears to have more effect on the % K 
in many cases than does potassium. The negative partial re­
gression coefficients for the linear phosphorus term indicates 
that the initial increment of phosphorus reduced % K. This 
was true for Clarion-Webster in all three years, Garrington-
Clyde in 1963 and 1964 and Galva-Primghar in 1963 and 1964. A 
positive partial regression coefficient for the linear phospho­
rus term at Shelby-Grundy in 1963 indicates an initial increase 
in % K with phosphorus application. The quadratic term for 
phosphorus was found to be positive in all cases where a sig­
nificant negative linear phosphorus term was found, but the 
quadratic terms were only found to be significant in two cases, 
Galva-Primghar in 1964 and Clarion-Webster in 1965. The effect 
of the phosphorus on % K appears to be relatively independent 
of nitrogen, potassium or limestone applications as only a few 
significant interactions were found. The significant positive 
phosphorus by potassium interaction at Clarion-Webster in 1964 
and 1965 indicates that the addition of phosphorus fertilizer 
caused the % K increase due to potassium fertilization to be 
greater. 
Potassium fertilization was effective in several cases in 
Table 16 Regression coefficients for each variable, their significance level and the 
R^ -value from fitting a regression equation to the potassium percentage on 
each site-year of data. 
Locations . 
Year Variables Carrington- Clarion- Howard Galva- Shelby-
Clyde Webster County Primghar Grundy 
1963 
1964 
P 
K 
I 
NP 
NK 
NL 
PK 
PL 
KL 
N 
P 
K 
1 
NP 
NK 
NL 
1.4247 1.7109 1.9022 2.4636 2.6567 
+ 0.0105 0.0038 - 0.0128 + 0.0620+ — 0.0247 
— 0.1505++ — 0.2038* + 0.1153+ 0.2356++ 0.1852+ 
+ 0.0575+ + 0.0308 0.0051 0.0271 •f 0.0101 
— 0.0065 + 0.0077 - 0.0074 — 0.0015 0.0107 
+ 0.0012 + 0.0012 + 0.0013 + 0.0001 + 0.0017 
+ 0.0180 + 0.0311+ — 0.0056 + 0.0472+ 0.0063 
+ 0.0041 + 0.0080 - 0.0006 + 0.0018 #-« 0.0061 
+ 0.0001 + 0.0001 - 0.0002 + 0.0003+ + 0.0000 
— 0.0064 + 0.0046 M 0.0244* 0.0095 0.0165+ 
- 0.0084++ M 0.0035 + 0.0012 — 0.0052 0.0002 
- 0.0003 - 0.0008+ + 0.0011+ — 0.0005 + 0.0006 
+ 0.0139 + 0.0041 + 0.0133 + 0.0168 M 0.0101 
+ 0.0024+ - 0.0013 + 0.0008 0.0027 0.0017 
+ 0.0005 - 0.0008 + 0.0021+ 0.0010 + 0.0047* 
0.54 0.45 0.46 0.43 0.34 
+ 1.3214 + 1.3095 + 1.4078 + 2.0925 + 2.1588 
- 0.0221 + 0.0026 - 0.0108 — 0.0200+ 0.0349 
- 0.1713* - 0.2434** - 0.0895 •M 0.2188** + 0.2690* 
+ 0.0733+ + 0.1111* + 0.0837+ + 0.0492+ 4" 0.0743 
- 0.0028 + 0.0014 - 0.0018 — 0.0016 0.0253* 
+ 0.0032+ 
- 0.0000 + 0.0027 0.0036* + 0.0038+ 
+ 0.0236+ + 0.0187+ + 0.0318+ 0.0508** 0.0126 
+ 0.0105+ 
-
0.0017 + 0.0100 — 0.0066+ 0.0098 
+ 0.0001 + 0.0001 - 0.0001 — 0.0000 + 0.0003+ 
+ 0.0128++ + 0.0026 - 0.0077 0.0134* 0.0124+ 
— 0.0069+ 
- 0.0041+ - 0.0072+ + 0.0031 0.0037 
-
0.0006 + 0.0001 + 0.0006 + 0.0001 + 0.0010 
Table 16 (Continued) 
Locations ' ' ' 
Year Variables Carrington- Clarion- Howard Gaiva- Shelby-
Clyde Webster County Primghar Grundy 
PK — 0.0070 + 0.0240* — 0.0037 + 0.0056 - 0.0236+ 
PL — 0.0006 + 0.0005 + 0.0015 - 0.0006 — 0.0044+ 
KL + 0.0013+ — 0.0021++ » 0.0007 + 0.0002 + 0.0051* 
R2 0.71 0.69 0.44 0.77 0.40 
bg + 1.4717 + 1.3498 + 1.2009 + 2.3066 + 1.9248 
N + 0.0100 - 0.0199 + 0.0324 + 0.0312 + 0.0114 
P — 0.1564+ - 0.2771** + 0.0697 + 0.0489 - 0.0046 
K + 0.1907* + 0.1275** + 0.0798 4" 0.0273 — 0.0114 
L_ - 0.0068 + 0.0059+ - 0.0137+ • — 0.0055 + 0.0046 
- 0.0021 + 0.0027+ + 0.0010 0.0014 + 0.0008 
+ 0.0189 + 0.0370* - 0.0057 0.0166 + 0.0069 
— 0.0100 - 0.0055 + 0.0133+ 0.0020 — 0.0003 
L2 
- 0.0000 + 0.0001 - 0.0000 + 0.0003+ — 0.0002+ 
NP + 0.0018 - 0.0002 mm 0.0130+ 0.0068 « 0.0022 
NK - 0.0022 • - 0.0014 - 0.0099+ 0.0076+ + 0.0027 
NL + 0.0006 — 0.0010++ + 0.0009 _ 0.0007 _ 0.0004 
PK + 0.0023 + 0.0205++ 0.0048 0.0023 M 0.0107 
PL - 0.0004 + 0.0009 + 0.0019 + 0.0004 + 0.0004 
KL o + 0.0018 - 0.0010 + 0.0012 0.0019 + 0.0028 0.67 0.80 0.62 0.31 0,48 
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increasing % K in the plants, Clarion-Webster in 1964 and 1965 
and Carrington-Clyde in 1965. The increase appears to be 
nearly linear within limits of observations as the quadratic 
coefficients were quite small in comparison to the linear and 
the t-tests of the coefficients were not significant. A sig­
nificant negative linear limestone term was found at Shelby-
Grundy in 1964 coupled with a significant potassium by limestone 
interaction. The addition of limestone caused a greater 
increase in the % K when potassium was applied compared to no 
potassium application. 
The data from the 15 site-years were combined into a 
multiple regression equation. The resulting equation contained 
36 variables and had an -value of 0.832, Table 17. A sig­
nificant partial regression coefficient for June temperature 
was found indicating a higher % K under the warmer June temper­
ature conditions. However, part of this temperature effect on 
% K may be due to the positive correlation of June temperature 
with the soil test potassium. Nielsen et al. (1960) had found 
that soil temperature had little influence on % K in the plant. 
The soil tests were all found to have a significant effect 
on the % K. The subsoil tests were all retained in the 
equation with nitrogen and pH having negative coefficients and 
phosphorus and potassium having positive coefficients. The 
surface soil tests indicate that % K was affected, in a curvi­
linear manner. The positive linear and negative quadratic 
coefficients for soil test potassium indicate that % K 
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Table 17 Regression coefficients and levels of significance 
for the regression of potassium percentage in the 
whole plant at heading on fertilizer, limestone, 
soil test and June temperature variables. 
Regression Regression 
Variables coefficients Variables coefficients 
% -4.080498 PK +0.009122+ 
N +0.137362* n^  +0.000073** 
P -0.109342** k2 +0.000008++ 
K +0.075996** a2 -0.347502** 
L -0.002438+ na +0.013017** 
n +0.020833+ pk +0.000056+ 
P +0.003006 pa 2 -0.008104++ 
k +0.006059** Np -0.001568++ 
a +0.455909** p2p -0.000600+ 
ns -0.013138** Pk -0.000496** 
Ps +0.020784** K^ k -0.000135** 
kg +0.006986** Ka -0.036606** 
as -0.305454** La +0.003901** 
+0.001318+ NPp +0.000894* 
p2 +0.012305+ NKk +0.000073** 
K2 
-0.002405 T +0.086230** 
NP -0.002418 TN -0.002130* 
NK -0.002898+ Tn -0.000263+ 
NL +0.000338+ 
121 
increased at a decreasing rate as soil test potassium increased. 
The positive soil test phosphorus by potassium interaction 
implies that soil test potassium was more effective in in­
creasing % K at a high compared to a low phosphorus soil test. 
An increase in soil test phosphorus alone also was found to 
increase % K. 
The application of potassium causes the % K to increase at 
a decreasing rate at a given level of the other factors. How­
ever, the initial slope of the response was less if nitrogen 
was applied and at a high compared to low pH. The initial -
slope of the response surface was increased if phosphorus was 
applied. The curvature of the predicted potassium response was 
increased by soil test potassium. As the soil test potassium 
level increases, the quadratic term for potassium increased in 
negative magnitude. The predicted maximum % K occurs at a 
lower potassium fertilization rate indicating substitution of 
soil test potassium for potassium fertilizer. 
Phosphorus fertilization decreased % K, but the decrease 
was at a decreasing rate as more phosphorus was applied. High 
compared to low soil potassium levels caused the initial de­
creased due to phosphorus application to increase in magnitude. 
Nitrogen fertilization also increased the initial decrease, but 
hi^ i compared to low soil test phosphorus reduced the amount of 
effect nitrogen application had on the decrease in % K caused 
by phosphorus. Potassium fertilization caused the initial de­
crease due to phosphorus to be less (positive PK interaction). 
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Relationship of Plant Composition to Grain Yield 
Plant composition has been used by several investigators 
to reflect nutrient sufficiency (Macy, 1936, Chapman, 1935 and 
Lundegârdh, 1951). Dumenil (1961) working with corn found a 
curvilinear relationship between yield and the nitrogen and 
phosphorus content of the leaf opposite and below the ear at 
silking time. By solving this equation for % N and % P at 
maximum yield, he was able to obtain % N and % P necessary for 
maximum yield. If the yield at optimum nitrogen and phosphorus 
inputs were known, then the equation could also be solved for 
the nutrient percentages necessary to obtain this yield level. 
The percentage of one nutrient in the plant was found not to be 
independent of the other nutrient levels and this joint re­
lationship was used to express the "sufficiency level" as a 
range of value dependent on the level of the other nutrient. 
Grain yield was calculated as a function of the % N, % P 
and % K in the whole plant at heading using the combined 15 
site-years of data. A quadratic model was used. The resulting 
equation with all terms highly significant was: 
Y = -125.2861 + 80.8932%N + 1,329.2717 %P - 28.6835 %K 
- 24, 5299 %N2 - 2,644.7389 %p2 + 8.2427 %K2 + 
71.6499 %N%P + 8.4092 %N%K - 128.3445 %P%K, 
where Y is predicted grain yield in bu/a and %N, %P and %K are 
the nitrogen, phosphorus and potassium percentages on the oven-
dry basis in the whole oat plant at heading. However, the 
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R^ -value was very low 0.314 indicating that these variables had 
accounted for only a small portion of the total grain yield sum 
of squares. Upon inspection of the yield and percentage data 
given in Table 18 in the Appendix, it was clear that the yields 
had been lower than expected in several cases due to factors 
other than fertility. Adverse temperature conditions reduced 
grain yield in several cases but did not have a proportionate 
effect on the nutrient content in the plant. June temperature 
was used to explain these differences among locations in the 
gra.in yield prediction equation and a highly significant nega­
tive effect was found. In an attempt to explain differences 
among locations due to climatic conditions, June temperature 
was added to the above variables and a new prediction equation 
computed. The terms again were all highly significant and a 
significant reduction in the residual sum of squares was found 
due to the June temperature variable. The resulting equation 
had an R^ -value of 0.449 compared to 0.314 before. The 
equation was: 
Y = 208.0247 + 29.7020 %N + 1,101.0076 %P - 55.2879 %K 
- 19.5787 %N2 - 2,536.4894 %p2 + 13.1262 %K2 + 135.4161 %N%P 
+ 14.4531 %N%K - 114.3131 %P%K - 3.3189 T, 
where T is the average mean daily June temperature and all 
other terms are the same as in the preceding equations. 
Predicted yield is less at the high compared to the low 
June temperature as was expected. The positive linear and 
negative quadratic partial regression coefficients for % N 
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indicate that yields increased at a decreasing rate as the % N 
increases with % P and % K at a constant level. Likewise for 
% P, yields increased at a decreasing rate as % P increases at 
a constant % N and % K level. The positive % N by % P inter­
action indicates a greater increase in yield by increasing both 
% N and % P than would be expected from predicted increases in 
yield from % N and % P separately. The negative linear and 
positive quadratic partial regression coefficients for % K 
indicate a decrease in oat yields at a decreasing rate as % K 
in the plant increases. This does not seem entirely logical, 
however, very little yield response to potassium was found and 
the higher % K values occurred on the high soil test potassium 
soils which were normally the lower yielding due to poorer 
climatic conditions. 
Because potassium fertilization was not effective in in­
creasing yield in these experiments, the solving for an optimum 
% K level cannot be justified. To solve for % N and % P 
necessary to obtain maximum yield, the % K was assumed to be the 
average for all observations (1.85% K). Under these assumed 
conditions the maximum yield was found at 2.26% N and 0.236% P. 
The predicted yield at an assumed June temperature of 67° is 
93.4 bu/a. 
A somewhat different approach is proposed by Chapman 
(1935). The increase in yield due to a nutrient is related to 
the composition of the plant on the check plots. All other 
nutrients are held at a level that is quite adequate for 
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optimum growth. This approach, however, does not take into 
consideration the levels of the other nutrients. To test this 
approach, the average increase in grain yield for the treatment 
containing median rates of fertilizer and limestone (60 lbs/a 
N, 20 lbs/a P, 30 lbs/a K and 220 lbs/a L) over the treatment 
containing no nitrogen, but median rates of phosphorus, 
potassium and limestone (0 lbs/a N, 20 lbs/a P, 30 lbs/a K and 
220 lbs/a L) for each site-year of data was related to the % N 
in the zero nitrogen treatment. A highly significant negative 
linear relationship was found, i.e., 
= 49.703 - 22.677 %N, 
where is the predicted yield increase due to nitrogen and 
%N is the nitrogen percentage on the oven-dry basis in the 
whole plant at heading for the no nitrogen treatment. A quad­
ratic coefficient for % N was calculated, but the reduction in 
the residual sum of squares due to the quadratic term was not 
significant. If this equation is solved for the % N where the 
yield increase due to nitrogen is zero, then the % N is 2.19% 
which agrees quite closely to 2.26% found previously. 
Similarly, for yield increase due to phosphorus a linear 
regression equation was calculated. Yield increase due to 
phosphorus was taken as the average difference between the 
treatment with median rates of fertilizer and limestone (60 
lbs/a N, 20 lbs/a P, 30 lbs/a K and 220 lbs/a L) and the check 
treatment for phosphorus (60 lbs/a N, 0 lbs/a P, 30 lbs/a K 
and 220 lbs/a L) for each site-year of data. A highly 
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significant negative relationship was found, i.e., 
AYp = 52.56 - 199.373 %P, 
where A Yp is the predicted yield increase due to phosphorus and 
%P is the phosphorus percentage in the phosphorus check plant 
•samples. If the equation is solved for the % P at predicted 
zero yield increase, the % P is 0.264%. This is a higher % P, 
than was found previously (0.236 %P). One serious objection 
to this approach is that only a part of the data is utilized 
in making the predictions. 
The above relationship indicates that the composition of 
the plant does reflect the nutrient sufficiency, but factors 
other than fertility may be limiting yield and must be accounted 
for before the relationship of yield to plant composition can 
be successful. 
Grain Composition and Quality 
The nutrient content of the grain is important for de­
termining the feeding value of the oats. If an increase in 
nutrient content is associated with fertilization, then this 
increased feed value from fertilization also should be taken 
into consideration as of value to the farmer. 
A sample of grain from each plot was retained at harvest 
time for chemical analysis. The grain samples were finely 
ground, wet-ashed and total nitrogen, phosphorus and potassium 
contents expressed as a percentage on the oven-dry basis were 
determined. The results are shown in Table 18 in the Appendix. 
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The change in the % N in the grain was similar to that for 
% N in the plant samples. With one exception, Galva-Primghar 
in 1963, the % N in the grain was increased by nitrogen ferti­
lization with a substantial increase in % N in the grain in 
several cases. The % N in the grain ranges from less than 2.0% 
to greater than 3.0%. Regression analysis on each site-year of 
data also indicated a significant negative direct effect of 
phosphorus on % N at the Clarion-Webster and Galva-Primghar 
locations. Phosphorus fertilization had decreased the % N in 
the grain at all levels of nitrogen fertilization. This was 
also true for % N in the plant samples. Only a few interactions 
between the fertilizer elements and limestone were found sig­
nificant indicating the effects of the fertilizer elements and 
limestone were relatively independent. Potassium and limestone 
had little effect on the % N in the grain. 
The % P in the grain was found to vary among locations and 
years. The Shelby-Grundy location which had the highest soil 
test phosphorus had the highest % P in the grain and was the 
only location not to show an increase in % P in the grain due 
to phosphorus fertilization in at least one of the three years. 
The Clarion-Webster and Galva-Primghar location had the most 
consistent increases in % P in the grain due to phosphorus 
fertilization and also, were the lowest in soil test phospho­
rus. Statistical analysis showed that nitrogen fertilization 
had caused a significant decrease in the % P in the grain at 
all rates of phosphorus (main effect) on five site-years of 
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data. Potassium and limestone application had little effect on 
the 7o P in the grain. 
Fertilization or liming had little influence on the % K in 
the grain, Table 18. There were decreases in % K in the grain 
for two site-years due to phosphorus fertilization and the % K 
in the grain was increased by phosphorus fertilization for 
another site-year, Clarion-Webster in 1965. Nitrogen ferti­
lization decreased significantly the % K in the grain for four 
site-years. Potassium fertilization had no significant main 
effect on % K in the grain in any site-year of data. There was, 
however, a negative phosphorus by potassium interaction at 
Howard County in 1964. 
The weight per bushel of grain also was determined as 
another measure of grain quality. The results in Table 18 in 
the Appendix indicate that the weight per bushel varied among 
locations and years. The differences among locations and years 
was mostly due to differences in weather conditions. The 
extremely poor test weights at Shelby-Grundy in 1964 were 
probably due to wet weather prior to maturity causing the oats 
to lodge and not to fill properly. On the other hand, the high 
test weights at Galva-Primghar in 1965 most likely were associ­
ated with what are considered ideal weather conditions 
throughout the growing season. 
Test weight was not markedly changed by fertilization and 
liming in most cases. Nitrogen fertilization was found to 
decrease, significantly, the test weight at Clarion-Webster in 
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1963 and Carrington-Clyde in 1965. An increase in the test 
weight was associated with phosphorus fertilization at 
Carrington-Clyde in 1963, Howard County in 1963, and Clarion-
Webster in 1964. Statistical analysis also showed that 
potassium fertilization had decreased the test weight at a 
decreasing rate at Howard County in 1963. Potassium ferti­
lization, however, was found to increase the test weight at 
Shelby-Grundy in 1963 and Clarion-Webster in 1965. Liming in­
creased the test weight at Shelby-Grundy in 1964. It is 
apparent that fertilization and liming had no consistent effect 
on test weight. 
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SUMMARY AND CONCLUSIONS 
A study of the response of oats to fertilizer and lime­
stone under different environmental conditions was started in 
the spring of 1963. Five locations within Iowa were selected 
for continuous oat experiments. Fertilizer and limestone were 
applied at the same rates each year to the same plots. Plant 
samples (aerial portion) were taken at heading and subsequently 
analyzed for % N, % P, and % K in the whole plant. The plots 
were harvested at maturity for grain and straw yield and a 
sample of the grain was analyzed for % N, % P and % K. 
The major objective was to generalize the yield response 
equation across different soil and weather conditions. A 
preliminary evaluation was made on the effect soil and weather 
factors had on check plot yields. It was found that the 
average mean daily June temperature was negatively related to 
grain yield. The highest grain yields occurred under cool 
compared to warm June temperature conditions. No relationship 
was found between grain or straw yield and monthly rainfall for 
May or June or the April through June total rainfall. May 
temperature showed a positive relationship with grain and straw 
yield but was not significant. 
Soil tests were taken on an individual plot basis for two 
reasons. The variation among plots within an experiment was 
sufficient in several experiments to make it impossible to 
obtain a good index of site fertility on the basis of one soil 
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sample. Secondly, with the reapplication of fertilizer and 
limestone, a difference in the soil test measurements developed 
due to the previous year's application. This was true es­
pecially for the phosphorus and potassium soil tests. A 
significant positive correlation between applied and soil test 
phosphorus and applied and soil test potassium was found after 
one and two years of fertilizer application, being more posi­
tive after two years than after one year. A positive trend was 
found for increased pH with the higher limestone rates. The 
nitrogen soil test was not expected to reflect residual nitro­
gen and no relationship to applied nitrogen was found. Soil 
samples were taken in the spring of 1964 and 1965 to evaluate 
any residual nitrogen present. Very little residual nitrogen 
was present in the upper two feet unless 90 lbs N/a or more 
had been applied the previous year. The fluctuation in 
residual nitrogen among plots treated alike within a location 
and the differences among locations for the same treatments 
made it impossible to establish a relationship with grain or 
straw yield. Subsoil samples were taken to a depth of three 
feet on a replication basis and differences among locations 
were found in distribution and magnitude of the various soil 
tests. 
A regression equation relating check plot yields to the 
selected soil (surface and subsoil soil tests for nitrogen, 
phosphorus, potassium and pH) and weather (mean average daily 
June temperature) factors was computed to give an indication 
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as to how adequate the selected factors were in estimating 
check yields. The soil test and June temperature variables 
were found to describe a significant portion of the total sum 
of squares for straw yield, % N and % K in the whole plant at 
heading on the check plot data. The soil test variables with­
out the June temperature variable were judged to give the most 
adequate "fit" to grain yield and % P in the plant. 
Grain yield increases due to nitrogen and phosphorus 
fertilization were found for several site-years of data when a 
regression equation of applied fertilizer and limestone was 
fitted to grain yield on each site-year, but little effect was 
found for potassium or limestone. A yield prediction equation 
of the combined 15 site-years was fitted including soil tests 
and June temperature variables along with the applied ferti­
lizer and limestone variables. June temperature was found not 
only to affect the yield level (main effect), but the response 
to nitrogen and phosphorus. At high compared to low temper­
atures, the response to nitrogen fertilization was greater, 
whereas, the response to phosphorus fertilization was less 
under high compared to low June temperatures. 
Xsoquant maps of the nitrogen and phosphorus rates neces­
sary to obtain a specified yield level under various soil test 
nitrogen and phosphorus levels and June temperatures were 
developed with all other soil tests at their mean level and 
zero input of potassium and limestone. The isoquant maps 
indicated that an economical substitution of nitrogen for 
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phosphorus or vice versa exists to obtain certain specified 
yield levels. The predicted yield increase due to nitrogen and 
phosphorus is much greater at low nitrogen and phosphorus soil 
test levels (35 pp2m and 10 pp2m, respectively) than at the 
mean nitrogen and phosphorus soil tests (55 pp2m and 20 pp2m). 
The isoquants become further apart as maximum yield is ap­
proached indicating decreasing returns to the input factors. 
More nitrogen is necessary for maximum yield at the high com­
pared to low June temperature, whereas, more phosphorus is 
necessary for maximum yield at low compared to high June 
temperature. 
Nitrogen and phosphorus fertilization also were effective 
in increasing straw yield. The response to phosphorus ferti­
lizer was found to be greater under warm compared to cool June 
temperatures. June temperature, however, had no effect on the 
response to nitrogen fertilizer. The response to nitrogen was 
less at high compared to low nitrogen soil tests. Soil test 
phosphorus only affected the response to phosphorus by inter­
acting with the applied nitrogen by phosphorus interaction. 
Isoquant maps were developed for nitrogen and phosphorus 
necessary to obtain a specific yield level with various June 
temperature and soil test nitrogen and phosphorus conditions 
at the mean level of the other soil tests and zero input of 
potassium and limestone. Under cool June temperatures, 
phosphorus is an inefficient economic substitute for nitrogen 
to obtain a given yield, especially under low soil test 
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nitrogen and phosphorus conditions. Under warm June temper­
atures, a range of economical substitution of phosphorus for 
nitrogen was found. 
In comparison to grain yield, less phosphorus was needed 
for maximum straw yield, especially at the cooler June temper­
atures. The nitrogen rates necessary for maximum straw yield 
compared to maximum grain yield were greater under the cool 
June temperature conditions, but were of equal magnitude at the 
warmer June temperatures. Thus, if fertilization was directed 
toward economical grain production, the the rates would not be 
the most economical for straw yield but would increase straw 
yield over no fertilization to add to the gross returns per 
acre due to fertilizer. 
The % N composition of the whole plant at heading indi­
cated differences among locations, years and treatments. The 
primary factor affecting the % N within a site-year was applied 
nitrogen. Differences in % N among locations and years were 
associated with soil test nitrogen and June temperature 
differences. The % N response to nitrogen fertilizer was less 
under high compared to low soil test nitrogen levels. 
Phosphorus percentage in the whole plant at heading varied 
among and within site-years. The variation within site-years 
was mainly due to applied phosphorus, whereas, the difference 
among site-years was due to the soil test phosphorus level. A 
positive correlation of 0.738 was found between % P in the 
plant and soil test phosphorus on the check plots for all site-
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years. The % P response to phosphorus fertilizer was less 
under high compared to low soil test phosphorus. 
The % K in the plant was less effected by fertilizer and 
limestone than were % N and % P. A difference among site-years 
was found due to soil test potassium differences among sites. 
A correlation of 0.790 was found between check plot % K and 
soil test potassium. Applied potassium was effective in in­
creasing % K in only 3 of the 15 site-years of data. 
Phosphorus fertilization had a significant negative effect on, 
% K in several experiments. 
The relationship of grain yield to the nutrient compo­
sition of the plant also was investigated. Differences in 
yields among site-years due to factors other than fertility 
caused difficulty in obtaining a satisfactory relationship. 
The inclusion of June temperature in the equation to account 
for weather differences significantly reduced the residual mean 
square. The final equation included all linear, quadratic and 
first order interactions of % N, % P and % K and the average 
mean daily June temperature. The sufficiency of one nutrient 
was found to be dependent on the level of the other nutrients. 
The increase of % N and/or % P in the plant was found to in­
crease yield at a decreasing rate and a positive % N by % P 
interaction was found. The solution of the equation at the 
mean % K for the % N and % P necessary for maximum yield 
indicated that 2.26 % N and 0.236 % P were necessary. 
Grain samples also were analyzed for % N, % P and % K. 
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The results for % N and % P were found to be similar to those 
for plant composition. Little difference was found in the % K 
among site-years. Bushel weights on the grain samples in 
several experiments indicated increases in bushel weight due to 
phosphorus and decreases in bushel weight due to nitrogen, but 
no consistent relationship to applied fertilizer was found. 
Increased % N and % P in the grain associated with nitrogen and 
phosphorus fertilization would increase the feed value of the 
oats, and hence, greater value per bushel of grain. 
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X. 
APPENDIX 
Table 18 Observed grain yield, straw yield, bushel weight, soil tests, plant composition, grain 
composition and lodging scores on the individual treatments over all site-years. 
Trt. Grain Straw Bushel Soil Test Plant Composition Grain Composition Lodging 
No. Yield Yield Weight n p k pH %N %P %K %N %P %K Score^ 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
Carrington-Glyde, 1963 Rep I 
1 86.1 1.56 35.0 61 17.0 97 5.40 1.61 .21 1.28 2.64 .47 .54 
2 104.3 1.57 35.5 61 18.0 110 5.30 1.64 .23 1.31 3.17 .52 .56 
3 96.3 1.74 36.5 58 19.0 101 5.40 1.68 .24 1.34 2.87 .49 .56 
4 99.8 1.78 35.0 59 27.2 119 5.30 1.66 .23 1.30 2.84 .48 .54 
5 96.2 1.66 34.5 61 21.0 101 5.30 1.76 .21 1.05 2.95 .45 .51 
6 94.3 1.43 34.5 69 17.0 108 5.45 1.65 .23 1.49 2.80 .42 .48 
7 91.6 1.84 34.0 44 18.0 99 5.40 1.69 .22 1.51 2.84 .44 .54 
8 98.7 1.54 34.0 52 16.0 117 5.30 2.13 .25 1.36 2.78 .41 .52 
9 104.0 1.78 33.5 46 17.0 112 5.30 1.89 .23 1.56 2.75 .45 .58 
10 90.2 1.58 35.0 56 19.0 92 5.30 1.35 .20 1.51 2.13 .44 .51 
11 90.5 1.61 35.5 50 15.0 100 5.30 1.38 .22 1.40 2.32 .43 .49 
12 77.7 1.74 36.0 57 16.0 83 5.40 1.42 .21 1.20 2.35 .43 .50 
13 87.8 1.46 36.0 58 17.0 95 5.35 1.22 .22 1.08 2.29 .50 .54 
14 97.0 1.65 35.0 50 19.0 137 5.30 1.51 .23 1.52 2.24 .43 .54 
15 93.4 1.72 34.5 56 18.0 119 5.30 1.33 .21 1.54 2.40 .46 .54 
16 75.4 1.33 35.5 47 17.0 115 5.40 1.34 .21 1.21 2.22 .46 .52 
17 85.6 1.34 36.5 54 18.0 99 5.40 1.35 .22 1.17 2.42 .46 .55 
18 99.4 1.61 35.0 63 18.4 135 5.30 1.90 .24 1.27 2.93 .47 .55 
19 64.3 1.23 35.0 59 17.0 97 5.40 1.16 .22 1.45 2.02 .47 .55 
20 105.7 1.91 35.5 50 18.0 115 5.30 1.72 .24 1.39 2.41 .46 .55 
21 87.0 1.62 32.0 52 17.0 99 5.30 1.95 .22 1.46 2.90 .41 .58 
22 101.4 1.55 35.5 58 18.0 114 5.40 1.56 .24 1.49 2.55 .46 .56 
23 85.6 1.55 34.0 63 20.0 127 5.35 1.62 .21 1.03 2.57 .43 .48 
^Based on a 5 point system, 1 erect to 5 completely flat. 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k pH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
24 87.4 1.53 35.0 53 17.0 113 5.40 
25 92.8 1.57 34.5 59 20.0 124 5.30 
26 39.8 0.94 32.0 49 17.0 123 5.40 
27 66.5 0.92 34.5 62 23.0 109 5.30 
28 62.7 1.08 35.0 52 22.0 96 5.30 
Rep II 
1 82.1 1.43 36.0 49 17.0 119 5.30 
2 99.6 1.92 36.0 51 16.0 139 5.30 
3 96.7 1.76 35.0 47 16.0 113 5.40 
4 89.4 1.53 35.0 54 18.0 110 5.30 
5 106.6 1.64 34.5 52 18.0 143 5.35 
6 93.6 1.71 35.0 56 21.0 110 5.25 
7 91.3 1.53 35.0 35 18.0 97 5.30 
8 92.2 1.51 34.0 50 17.0 95 5.40 
9 92.2 1.54 35.5 55 18.4 78 5.40 
10 86.3 1.68 36.5 56 17.0 155 5.40 
11 90.2 1.60 37.0 53 18.0 116 5.25 
12 86.4 1.40 37.0 60 20.0 117 5.35 
13 91.0 1.57 36.0 50 20.0 115 5.30 
14 65.1 1.83 35.5 38 18.0 140 5.40 
15 79.9 1.26 35.0 59 21.0 129 5.35 
16 87.7 1.56 34.5 49 18.0 133 5.30 
17 74.2 1.37 35.0 54 17.0 113 5.40 
18 97.7 1.64 35.0 57 17.0 105 5.40 
19 59.6 1.15 36.5 44 23.0 124 5.30 
20 95.9 1.70 36.0 62 18.0 ' 119 5.30 
21 81.4 1.29 33.0 52 16.0 101 5.30 
22 87.2 1.78 34.5 68 20.0 112 5.30 
Plant Composition Grain Composition Lodging 
%N 7=P %K 7oN 7cP %K Score 
1.51 .22 1.35 2.38 .45 .51 
1.66 .20 1.35 2.70 .44 . 54 
1.22 .24 1.53 2.11 .48 .56 
1.29 .22 1.49 1.99 .48 .56 
1.26 .23 1.23 2.20 .45 .50 
1.66 .22 1.38 2.58 .39 .46 
1.77 .22 1.59 2.78 .44 .54 
1.76 .22 . 1.45 2.81 .44 .51 
1.72 .24 1.21 3.04 .48 .52 
1.89 .22 1.28 2.73 .48 .54 
1.80 .21 1.44 2.96 .41 .50 
1.82 .20 1.41 3.05 .41 .48 
1.91 .22 1.16 2.91 .43 .55 
1.74 .23 1.31 2.52 .40 .49 
1.45 .25 1.84 2.23 .50 .52 
1.39 .22 1.73 2.13 .46 .54 
1.30 .22 1.35 2.36 .47 .47 
1.40 .21 1.45 2.48 .49 .52 
1.34 .24 1.62 2.22 .44 .48 
1.36 .20 1.71 2.24 .43 .48 
1.51 .21 1.49 2.50 .44 .51 
1.38 .21 1.47 2.30 .42 .48 
1.87 .20 1.21 3.04 .46 .53 
1.10 .23 1.67 2.01 .45 .49 
1.67 .24 1.41 2.57 .49 .57 
1.86 .20 1.45 2.86 .40 .51 
1.55 .23 1.60 2.56 .44 .54 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
23 87.5 1.65 35.5 66 19.0 161 5.40 
24 84.8 1.61 34.5 42 21.0 139 5.30 
25 94.8 1.97 35.0 63 16.0 105 5.35 
26 68.2 1.30 34.0 38 18.0 124 5.30 
27 53.8 0.95 35.0 54 23.0 120 5.40 
28 52.4 0.88 35.0 32 16.0 115 5.40 
Clarion-Webster, 1963 Rep I 
1 66.1 1.64 33.0 50 12.0 56 6.35 
2 69.6 1.94 33.0 69 13.0 93 6.00 
3 66.6 1.74 32.5 66 12.0 61 6.20 
4 61.6 1.73 33.0 55 12.0 70 6.35 
5 59.5 1.62 32.5 59 14.0 83 5.75 
6 59.6 1.66 32.0 56 12.0 52 6.20 
7 65.5 1.57 33.0 69 12.0 77 6.60 
8 58.0 1.70 32.0 58 13.0 81 5.85 
9 64.2 1.47 32.5 60 12.0 80 6.30 
10 74.6 1.75 33.0 52 12.0 53 6.10 
11 66.4 1.52 34.0 69 12.0 77 6.25 
12 67.8 1.56 33.5 54 12.0 61 5.75 
13 65.6 1.48 33.0 70 14.0 77 5.60 
14 65.1 1.49 34.0 57 12.0 58 5.80 
15 65.8 1.64 33.0 54 14.0 76 5.70 
16 45.6 1.45 32.0 66 12.0 64 6.45 
17 64.4 1.51 33.5 58 14.0 81 5.80 
18 59.2 1.57 33.0 54 12.0 58 6.80 
19 67.0 1.52 34.0 61 13.0 74 6.10 
20 61.3 1.42 33.0 66 12.0 64 6.70 
21 51.2 1.30 33.0 54 15.0 79 5.60 
22 65.0 1.67 33.5 66 13.0 73 6.40 
Plant Composition Grain Composition Lodging 
%N %P %K 7oN %P %K Score 
1.63 .23 1.45 2.40 .40 .51 
1.53 .20 1.53 2.58 .43 .43 
1.61 .19 1.33 2.61 .45 .53 
1.25 .21 1.38 2.15 .44 .51 
1.14 .22 1.52 2.03 .48 .54 
1.33 .23 1.38 2.21 .50 .58 
2.59 .26 1.58 3.01 .47 .48 
3.03 .28 1.59 3.06 .49 .50 
2.96 .31 1.82 2.98 .50 .48 
2.98 .29 1.28 3.00 .50 .50 
3.06 .28 1.58 3.09 .51 .54 
2.71 .23 1.65 3.07 .42 .44 
2.71 .22 1.80 3.33 .39 .41 
3.07 .25 1.65 3.01 .42 .48 
2.87 .22 1.55 3.08 .38 .43 
2.57 .30 1.75 3.09 .52 .52 
2.38 .26 1.64 2.88 .52 .52 
2.64 .29 1.45 2.95 .49 .50 
2.40 .25 1,41 3.01 .49 .53 
2.65 .24 1.82 2.89 .40 .41 
2.82 .26 1.86 2.93 .43 .48 
2.62 .22 1.70 2.96 .40 .45 
2.59 .24 1.38 2.97 .41 145 
2.86 .25 1.48 3.03 .43 .43 
2.12 .26 1.71 2.75 .48 .51 
2.57 .30 1.42 3.09 .53 .50 
2.96 .21 1.78 3.26 .38 .43 
2.73 .27 1.60 2.99 .50 .53 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No, Yield Yield Weight n P k PH 
bu/a T/a lbs/bu pp2m pp2m pp2m 
23 62.1 1.78 32.0 55 13.0 67 5.85 
24 64.9 1.66 32.5 54 14.0 79 5.90 
25 60.1 1.54 33.5 57 12.0 61 6.60 
26 52.3 1.19 33.5 62 12.0 63 6.50 
27 53.9 1.20 33.5 50 14.0 71 5.60 
28 45.9 1.03 33.5 57 12.0 66 6.40 
Rep II 
1 58.7 1.55 33.0 43 13.0 57 5.70 
2 64.4 1.80 32.5 43 12.0 98 5.90 
3 65.0 1.89 33.0 63 13.0 64 5.70 
4 55.5 1.80 32.0 57 11.0 55 6.35 
5 50.3 1.51 32.5 62 13.0 63 5.60 
6 66.8 1.62 32.5 37 12.0 76 6.05 
7 62.5 1.63 33.0 36 12.0 55 5.96 
8 65.4 1.57 32.0 39 12.0 59 6.20 
9 60.8 1.60 32.5 29 12.0 84 5.95 
10 62.0 1.52 33.5 42 13.0 60 5.70 
11 71.4 1.67 33.0 51 12.0 59 6.00 
12 71.8 1.63 33.5 35 11.0 57 6.35 
13 64.0 1.62 33.5 55 12.0 58 6.05 
14 61.9 1.50 33.0 37 11.0 57 6.80 
15 59.5 1.59 33.0 53 13.0 58 5.55 
16 52.9 1.59 34.0 55 11.0 62 6.95 
17 64.4 1.46 32.5 40 13.0 63 6.00 
18 69.0 1.86 32.5 36 12.0 58 5.85 
19 62.9 1.40 34.5 50 12.0 55 6.20 
20 73.9 1.87 32.0 57 12.0 60 6.10 
21 48.2 1.19 33.0 34 11.0 58 6.80 
22 63.5 1.66 33.0 51 11.0 60 6.50 
Plant Composition Grain Composition Lodging 
%N %P 7oK %N 7oP 7cK Score 
3.08 .28 1.31 2.86 .44 .45 
2.72 .26 1.49 3.05 .48 .51 
2.84 .27 1.56 2.95 .48 .57 
2.64 .18 1.87 3.33 .40 .45 
2.71 .22 1.65 3.01 .38 .43 
2.75 .20 1.90 3.10 .31 .41 
2.77 .27 1.73 3.08 .47 .49 
3.07 .28 1.72 3.05 .48 .51 
2.88 .29 1.65 3.14 .48 .53 
3.04 .30 1.68 3.08 .50 .53 
3.12 .31 1.65 3.04 .48 .51 
3.03 .24 1.87 3.00 .40 .46 
3.07 .26 1.70 3.08 .40 .48 
3.17 .27 1.68 2.99 .39 .47 
2.97 .23 1.68 3.22 .46 .54 
2.63 .30 1.78 3.04 .54 .52 
2.65 .32 1.78 2.86 .49 .53 
2.82 .31 1.72 2.98 .52 .54 
2.47 .28 1.56 2.86 .48 .50 
2.44 .20 1.86 3.10 .40 .43 
2.92 .27 1.90 3.07 .44 .51 
2.62 .23 1.80 2.89 .38 .44 
2.46 .25 1.69 3.04 .42 .54 
3.07 .26 1.61 3.25 .46 .42 
2.37 .25 1.69 2.80 .48 .49 
2.70 .29 1.57 2.99 .50 .52 
2.83 .18 2.06 3.56 .32 .43 
2.54 .25 1.90 3.07 .43 .49 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/ a T/a Ibs/bu pp2m pp2m pp2m 
23 60.3 1.52 32.5 42 14.0 62 5.60 
24 71.2 1.73 33.0 21 11.0 52 6.65 
25 69.1 1.69 33.5 56 13.0 66 5.60 
26 59.8 1.35 33.5 37 12.0 52 6.30 
27 55.8 1.34 33.5 63 12.0 61 6.80 
28 63.3 1.53 33.0 49 13.0 65 5.80 
Howard County, 1963 Rep I 
1 89.9 1.81 34.0 59 25.0 107 5.80 
2 100.9 1.92 33.0 55 19.0 136 5.90 
3 92.9 1.36 34.5 57 24.0 121 6.00 
4 90.0 1.32 34.0 51 21.0 148 5.90 
5 93.2 1.85 33.0 57 21.0 135 5.95 
6 89.1 1.31 33.5 60 19.0 102 5.75 
7 87.2 1.28 34.0 54 18.0 113 5.60 
8 83.8 1.23 34.0 54 18.0 113 5.85 
9 98.8 1.45 34.5 59 19.0 154 5.90 
10 90.2 1.60 35.0 64 28.0 162 5.90 
11 93.4 1.37 34.5 55 18.0 107 6.00 
12 81.2 1.19 36.0 59 17.0 136 5.95 
13 82.2 1.21 34.0 54 19.0 135 5.95 
14 77.6 1.14 34.5 54 17.0 116 5.85 
15 83.8 1.23 34.0 50 17.0 124 5.90 
16 83.9 1.50 33.5 54 19.0 114 5.85 
17 82.5 1.68 34.0 59 22.0 102 5.70 
18 90.0 1.32 33.0 48 20.0 105 6.00 
19 66.8 0.98 35.0 50 18.0 102 5.90 
20 89.5 1.31 34.5 57 21.0 123 6.05 
21 83,8 1.23 32.5 56 20.0 152 5.75 
22 101.4 1.49 34.5 54 18.0 122 5.95 
Plant Composition Grain Composition Lodging 
%N 7oP 7oK 7oN %P 7oK Score 
2.77 .27 1.80 3.17 .47 .50 
2.75 .28 1.65 3.09 .47 .48 
3.03 .30 1.72 2.99 .48 .52 
2.62 .20 1.67 2.98 .35 .45 
2.53 .19 1.62 3.09 .35 .45 
2.66 .21 1.59 3.05 .39 .48 
2.52 .27 1.79 2.78 .41 .43 
2.52 .28 2.20 2.81 .43 .45 
2.42 .29 2.03 2.80 .45 .49 
2.42 .39 1.45 2.86 .44 .50 
2.49 .28 1.73 2.86 .40 .43 
2.54 .27 1.93 2.87 .41 .45 
2.30 .25 1.95 2.81 .42 .48 
2.49 .27 1.85 2.86 .43 .50 
2.45 .28 2.30 2.74 .42 .51 
1.88 .34 2.14 2.35 .44 .49 
1.79 .30 2.10 2.58 .46 .51 
1.80 .31 1.86 2.22 .47 • .53 
1.86 .30 1.94 2.59 .48 .55 
1.89 .28 1.94 2.63 .43 .49 
1.82 .31 1.94 2.46 .40 .48 
1.99 .26 2.07 2.64 .40 .45 
1.80 .28 1.80 2.20 .39 .44 
2.42 .25 1.79 2.91 .42 .47 
1.51 .30 2.06 2.11 .43 .49 
2.13 .29 1.86 2.61 .47 .55 
2.35 .26 1.92 2.79 .40 .51 
2.14 .27 2.13 ^ 2.70 .45 .54 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
23 89.0 1.60 34.0 57 24.0 135 5.95 
24 91.6 1.35 34.0 53 17.0 86 5.90 
25 100.4 1.47 33.5 50 19.0 100 6.00 
26 76.5 1.12 34.0 53 23.0 116 5.80 
27 73.3 1.31 34.0 47 21.0 96 5.70 
28 65.5 0.96 34.0 58 19.0 115 5.90 
Rep II 
1 90.3 1.33 34.0 46 16.0 128 6.05 
2 93.9 1.38 34.0 53 15.0 117 5.99 
3 92.4 1.36 34.0 50 19.0 118 6.00 
4 100.5 1.48 34.0 43 16.0 112 5.90 
5 85.1 1.25 35.0 51 19.0 96 5.80 
6 89.6 1.32 34.0 52 18.0 123 5.90 
7 92.9 1.36 33.5 61 18.0 85 5.95 
8 91.6 1.35 33.5 46 17.0 83 5.80 
9 90.6 1.33 33.5 50 16.0 118 6.10 
10 89.7 1.32 34.0 61 17.0 122 5.90 
11 85.5 1.26 34.5 58 17.0 106 5.80 
12 78.1 1.15 35.0 54 17.0 95 6.10 
13 79.7 1.17 35.0 58 17.0 93 6.00 
14 83.4 1.22 34.0 51 18.0 115 5.95 
15 69.2 1.02 34.5 50 17.0 98 6.10 
16 68.2 1.00 34.5 58 17.0 115 6.00 
17 ,84.7 1.24 34.5 53 17.0 115 5.95 
18 91.6 1.35 33.0 69 16.0 142 6.05 
19 81.8 1.20 35.5 51 19.0 112 6.00 
20 86.5 1.27 33.0 59 19.0 119 5.90 
21 84.7 1.24 33.0 50 17.0 86 6.20 
22 88.8 1.30 34.5 56 17.0 103 6.00 
Plant Composition Grain Composition Lodging 
7oN 7oP %K %N %P %K Score 
2.13 .28 1.52 2,64 .42 .47 
2.23 .28 1.70 2.61 .42 .48 
2/18 .31 1.88 2.76 .41 .43 
1.76 .28 2.07 2.42 .45 .53 
1.69 .27 1.69 2.42 .44 .52 
1.63 .29 1.86 2.23 .42 .52 
1.82 .22 1.80 2.61 .44 .53 
2.04 .27 2.10 2.67 .42 .50 
2.20 .32 1.68 2.89 .43 .49 
2.42 .29 1.66 2.78 .44 .54 
2.13 .26 1.45 2.83 .44 .52 
2.37 .27 2.13 3.10 .40 .50 
2.25, .29 1.82 2.81 .41 .52 
2.14 .22 1.72 3.01 .42 .52 
2.40 .25 1.70 3.00 .43 .52 
1.85 .28 2.00 2.52 .47 .55 
1.52 .27 2.09 2.38 .45 .53 
1.47 .28 1,80 2.19 .44 .54 
1.68 .26 2.24 2.21 .43 .52 
1.59 .28 1.88 2.41 .44 .54 
1.84 .28 2.36 2.31 .43 .55 
1.77 .24 1.47 2.28 .43 .55 
1.84 .25 1.80 2.52 .44 .54 
2.35 .28 1.88 2.93 .44 .53 
1.54 .26 2.12 2.47 .45 .54 
1.61 .29 1.99 2.58 .46 .55 
2.01 .25 1.80 2.64 .40 .54 
2.03 .30 2.07 2.66 .40 .48 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No, Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
23 86.1 1.26 35.0 64 16.0 152 6.05 
24 91.9 1.35 35.0 59 18.0 100 5.90 
25 94.5 1.39 34.5 56 18.4 114 5.90 
26 60.3 0.89 35.0 46 21.0 98 6.00 
27 60.7 0.89 34.5 52 17.0 113 6.15 
28 54.0 0.79 35.0 46 19.0 93 5.70 
Galva-Primghar, 1963 Rep I 
1 87.8 1.41 34.0 66 19.0 188 5.70 
2 70.8 1.35 35.0 88 17.0 184 5.70 
3 79.7 1.34 33.5 66 15.0 182 5.65 
4 74.1 1.39 33.5 85 16.0 243 5.60 
5 82.9 1.34 33.5 74 15.0 180 5.60 
6 72.6 1.14 34.0 73 16.0 188 5.80 
7 70.6 1.31 34.0 88 16.0 194 5.60 
8 80.2 1.22 33.5 65 14.0 180 5.75 
9 69.6 1.20 34.0 78 16.0 226 5.60 
10 79.1 1.32 33.5 71 16.0 144 5.90 
11 79.6 1.38 35.0 63 14.0 164 5.70 
12 73.8 1.26 34.0 73 17.0 248 5.50 
13 83.8 1.33 34.5 67 16.0 186 5.70 
14 73.9 1.11 34.5 85 17.0 168 5.90 
15 66.1 1.07 33.5 58 15.0 155 6.00 
16 62.3 1.04 34.0 64 17.0 177 5.90 
17 63.9 1.31 33.5 70 16.0 184 5.60 
18 65.0 1.15 34.0 53 17.0 146 5.80 
19 75.1 1.20 34.5 75 16.2 152 5.80 
20 72.2 1.21 34.5 70 17.0 151 5.90 
21 61.3 1.01 34.0 64 17.0 174 5.80 
22 79.8 1.27 34.0 83 17.0 194 5.80 
\ 
Plant Composition Grain Composition Lodging 
%N %P %K %N %P %K Scord 
2.03 .26 1.92 2.40 .43 .53 
2.03 .31 1.71 2.71 .41 .50 
2.06 .27 1.94 2.63 .44 .54 
1.39 .33 1.83 2.28 ,45 .57 
1.61 .29 2.07 2.50 .48 .59 
1.63 .28 1.81 2.22 .41 .52 
2.90 .28 2.48 3.26 .51 .54 
2.76 .25 2.40 3.26 .52 .57 
3.13 .28 2.84 3.29 .51 .52 
3.00 .28 2.59 3.43 .53 .54 
3.04 .28 2.56 3.30 .50 .52 
3.18 .25 2.73 3.37 .47 .57 
3.00 .24 3.09 3.31 .47 .52 
3.06 .26 2.78 3.27 .47 .52 
2.88 .24 2.85 3.44 .47 .53 
2.87 .27 2.45 3.16 .50 .56 
2.81 .27 2.63 3.17 .50 .56 
2.69 .26 2.51 3.21 .47 .50 
2.86 .27 2.43 3.24 .50 .53 
2.95 .24 2.84 3.16 .41 .50 
3.04 .28 2.66 3.21 .48 .53 
3.14 .24 2.56 3.27 .48 .52 
3.01 .25 2.48 3.29 ,46 .51 
3.24 .28 2.30 3.27 .50 .51 
2.90 .28 2.45 3.13 .51 .56 
3.12 .30 2.32 3.21 .54 .55 
3.15 .22 2.71 3.27 .39 .49 
3.01 .28 2.51 3.21 .49 .57 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
23 76.8 1.27 33.5 54 15.0 146 5.95 
24 78.8 1.39 33.5 65 16.0 204 5.50 
25 78.5 1.25 34.0 78 14.0 172 5.85 
26 63.2 0.94 32.5 67 17.0 154 5.90 
27 63.1 0.99 34.0 77 16.0 150 5.70 
28 62.6 0.96 33.4 70 15.0 184 5.70 
Rep II 
1 68.9 1.22 36.0 59 14.0 149 5.85 
2 74.6 1.21 35.0 67 15.0 139 6.00 
3 89.4 1.38 33.5 80 14.0 160 5.80 
4 80.0 1.30 33.5 54 13.0 141 6.05 
5 79.8 1.26 35.0 71 17.0 166 5.80 
6 76.5 1.21 33.5 66 13.0 158 5.80 
7 76.6 1.27 33.5 62 14.0 154 5.70 
8 75.1 1.18 33.5 75 14.0 172 5.70 
9 73.3 1.10 33.5 53 16.0 164 6.00 
10 73.6 1.39 33.0 59 13.0 145 5.75 
11 84.7 1.32 34.0 72 14.0 174 5.70 
12 79.6 1.27 34.0 62 14.0 154 5.70 
13 74.7 1.22 34.0 74 14.0 156 5.80 
14 74.6 1.10 34.0 68 15.0 196 5.95 
15 67.0 1.08 34.0 54 16.0 156 6.05 
16 62.5 1 1.01 33.5 51 14.0 153 5.95 
17 74.6 , 1.12 34.0 54 13.0 154 6.00 
18 76.3 1.32 33.0 67 14.0 160 5.70 
19 81.4 1.32 34.5 69 15.0 166 5.90 
20 83.7 1.40 34.5 77 16.0 188 5.70 
21 61.8 0.97 32.5 53 15.0 154 5.90 
22 74.7 1.15 34.0 74 16.0 170 6.15 
Plant Composition Grain Composition Lodging 
%N %P 7oK 7oN 7oP %K Score 
3.30 .29 2.29 3.27 .51 .55 
3.03 .27 2.88 3.25 .47 .51 
2.93 .26 2.50 3.34 .50 .55 
3.08 .24 2.42 3.24 .42 .52 
3.09 .23 2.77 3.25 .41 .51 
3.27 .25 2.63 3.27 .41 .51 
3.00 .26 2.50 3.30 .52 .53 
3.01 .28 2.42 3.30 .52 .55 
2.86 .28 2.36 3.31 .52 .54 
2.96 .28 2.23 3.23 .55 .59 
2.91 .27 2.37 3.34 .50 .53 
3.10 .25 2.65 3.42 .45 .52 
2.88 .23 2.36 3.25 .43 .50 
3.15 .25 2.85 3.30 .44 .51 
3.05 .27 2.63 3.30 .47 .52 
2.56 .27 2.36 3.23 .50 .54 
2.75 .28 2.36 3.12 .50 .54 
2.96 .28 2.17 3.18 .50 .52 
2.78 .25 2.19 3.29 .50 .54 
2.82 .24 2.43 3.16 .43 .50 
3.05 .28 2.37 3.37 .51 .55 
2.91 .25 2.48 3.24 .48 .51 
2.83 .24 2.34 3.01 .43 .49 
2.96 .25 2.45 3.52 .53 .56 
2.33 .25 2.26 3.12 .49 .53 
2.75 .26 2.25 3.43 .56 .58 
3.01 .21 2.92 3.37 .42 .52 
2.93 .29 2.37 3.20 .51 .55 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
^3 82.7 1.31 33.5 69 15.0 204 5.70 
24 79.9 1.21 33.0 69. 15.0 142 5.80 
25 76.1 1.24 34.5 74 14.0 180 5.90 
26 61.8 1.06 32.5 66 15.0 142 5.95 
27 65.6 0.99 34.5 62 16.0 160 6.00 
28 65.2 1.06 34.0 66 13.0 142 5.80 
Grundy-Shelby, 1963 Rep I 
1 71.2 1.32 34.0 54 24.0 161 6.75 
2 68.3 1.43 33.5 38 21.0 148 6.80 
3 66.9 1.34 33.0 60 26,0 180 6.80 
4 67.2 1.31 34.5 42 20.0 162 6.70 
5 75.8 1.46 33.5 55 27,0 188 6.60 
6 83.0 1.57 34.5 50 34.0 186 6.55 
7 65.1 1.27 32.0 55 21.0 167 6.70 
8 74.2 1.42 33.5 38 24.0 140 7.00 
9 61.6 1.37 33.0 44 21.0 143 6.80 
10 80.0 1.50 35.0 52 31.0 206 6.45 
11 76.7 1,46 34.0 48 29.0 136 6.50 
12 80.3 1.47 34.0 57 34.0 234 6.40 
13 67.4 1.11 33.0 58 36.0 210 6.50 
14 74.0 1.35 33.0 38 30.0 134 6.70 
15 66.2 1.18 35.0 54 26.0 173 6.70 
16 75.6 1.48 33.0 44 27.0 137 6.45 
17 76.2 1.43 34.0 44 37.0 138 6.80 
18 63.8 1.43 32.5 42 27.0 168 6.90 
19 49.8 0.95 35.5 41 25.0 172 6.80 
20 74.7 1.53 33.5 44 28.0 138 6.75 
21 66.2 1.23 33.0 49 24.0 137 6.55 
22 68.2 1.25 34.0 43 21.0 127 6.85 
Plant Composition Grain Composition Lodging 
%N %P 7oK %N 7oE 7oK Score 
2.95 .27 2.34 3.24 .50 .54 
3.06 .27 2.36 3.21 .50 .55 
2.75 .26 2.33 3.37 .50 .52 
2.78 .22 2.21 3.01 .40 .52 
2.84 .22 2.30 3.29 .42 .51 
2.86 .21 2.50 3.33 .38 .50 
2.01 .27 2.85 2.52 .61 .57 
2.35 .27 2.62 3.12 .57 .55 
2.66 .31 2.88 3.01 .62 .56 
2.40 .28 2.60 2.80 .59 .57 
2.49 .28 2.60 2.69 .56 .56 
2.63 .29 3.02 2.89 .61 .60 
2.32 .25 2.61 3.07 .56 .70 
2.52 .27 2.68 2.97 .55 .54 
2.70 .24 2.40 3.35 .58 .56 
1.87 .30 3.25 2.45 .58 .58 
1.98 .28 2.77 2.39 .60 .62 
1.85 .28 2.84 2.61 .64 .61 
1.59 .27 2.90 2.46 .60 .57 
1.85 .27 2.75 2.39 .59 .60 
1.88 .28 2.99 2.32 .57 .58 
2.04 .28 2.71 2.37 .61 .60 
1.99 .28 2.57 2.62 .58 .52 
2.97 .31 2.99 3.20 .60 .57 
1.74 .28 2.80 2.33 .59 .66 
2.32 .28 2.62 2.95 .60 .57 
2.10 .26 2.85 2.65 .57 .58 
2.15 .26 2.80 2.67 .57 .56 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
23 74.5 1.62 34.5 50 32.0 190 6.65 
24 72,7 1.41 34.0 50 27.0 137 6.50 
25 65,5 1.35 33.5 55 25.0 122 6.55 
26 50.6 0.88 32.0 50 21.0 141 6.80 
27 44.2 1.23 32.5 36 25.0 140 6.70 
28 63.8 . 1.07 34.5 46 30.0 142 7.05 
29 52.9 1.06 33.0 55 30.0 135 6.90 
Rep II 
1 76.6 1.50 33.5 45 22.0 182 6.60 
2 60.0 1.38 32.5 47 27.0 132 6.80 
3 69.8 1.37 33.5 50 24.0 119 6.50 
4 66.4 1.36 33.5 45 23.0 134 6.60 
5 59.6 1.40 32.0 51 27.0 • 146 6.50 
6 72.4 1.48 33.0 50 37.0 228 6.90 
7 60.2 1.32 32.5 55 25.0 142 6.90 
8 71.6 1.43 33.5 49 32.0 151 6.50 
9 62.8 1.35 34.0 44 24.0 113 6.40 
10 76.1 1.38 35.0 54 26.0 216 6.90 
11 62.6 1.17 34.0 42 23.0 122 6.45 
12 59.8 1.17 34.0 50 24.0 128 6.80 
13 62.2 1.22 34.0 50 23.0 120 6.60 
14 70.6 1.30 33.0 38 24.0 180 6.70 
15 64.4 1.18 34.5 43 27.0 100 6.85 
16 66.4 1.18 32.5 41 21.0 143 6.55 
17 65.6 1.16 33.5 47 20.0 107 6.50 
18 55.5 1.42 33.0 40 25.0 125 6.70 
19 63.1 1.18 34.5 47 26.0 146 6.40 
20 67.0 1.34 33.5 49 35.0 175 6.60 
21 69.8 1.30 34.0 52 24.0 120 6.60 
Plant Composition Grain Composition Lodging 
%N %P %K 7cN 7oP 7oK Score 
2.25 .28 2.76 2.50 .58 .57 
2.21 .28 2.66 2.82 .62 .58 
1.93 .29 2.62 2.57 .56 .52 
1.61 .26 2.64 2.38 .57 .64 
1.67 .26 2.58 2.35 .57 .60 
1.73 .28 2.69 2.55 .61 .62 
1.68 .30 2.80 2.45 .57 .60 
2.37 .30 3.08 2.89 .62 .60 
2.55 .29 2.47 3.17 .58 .51 
2.83 .30 2.40 3.08 .58 .54 
2.54 .31 2.58 2.97 .58 .58 
2.62 .29 2.62 2.97 .56 .56 
2.50 .29 3.36 2.98 .61 .58 
2.59 .26 2.63 3.01 .56 .54 
2.89 .29 2.45 2.92 .53 .51 
2.74 .27 2.47 3.13 .56 .51 
2.02 .27 3.23 2.67 .62 .60 
1.90 .28 3.02 2.72 .62 .61 
1.79 .28 2.65 2.77 .61 .59 
1.82 .27 2.49 2.53 .60 .60 
2.13 .28 3.14 2.53 .59 .61 
1.83 .27 2.44 2.39 .57 .55 
1.85 .26 2.49 2.48 .58 .60 
1.97 .26 2.66 2.47 .60 .60 
2.81 .28 2.25 3.25 .60 .55 
1.81 .27 2.79 2.25 .53 .56 
2.04 .28 2.48 2.40 .56 .55 
2.75 .29 2.53 2.84 .59 ,57 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
22 64.2 1.42 33.0 49 32.0 135 6.70 
23 72.0 1.30 33.0 38 26.0 154 6.50 
24 59.2 1.12 33.0 46 24.0 134 6.50 
25 74.2 1.44 35.0 47 31.0 156 6.55 
26 45.1 0.80 33.0 48 25.0 122 6.65 
27 58.6 1.10 32.5 51 24.0 136 6.65 
28 61.4 1.10 33.5 50 36.0 132 6.90 
29 60.8 0.99 34.0 37 28.0 180 6.60 
Carrington-Clyde, 1964 Rep I 
1 102.7 1.74 35.0 62 20.2 76 5.40 
2 97.0 1.74 36.0 76 20.0 117 5.20 
3 103.4 1.63 35.5 70 18.0 88 5.35 
4 99.4 1.78 34.0 59 27.0 103 5.20 
5 91.7 1.60 35.5 66 19.2 78 5.35 
6 93.0 1.45 35.5 71 17.0 95 5.30 
7 95.6 1.71 35.0 63 14.2 89 5.35 
8 94.5 1.72 35.0 54 17.8 82 5.25 
9 106.0 1.77 35.0 67 18.2 98 5.30 
10 101.4 1.71 36.5 60 32.0 92 5.15 
11 114.5 1.85 35.5 64 18.2 90 5.20 
12 109.8 1.83 34.5 70 25.5 69 5.30 
13 111.1 1.80 36.5 76 18.2 84 5.35 
14 102.8 1.79 37.5 78 16.2 108 5.35 
15 108.8 1.74 35.5 68 21.5 98 5.30 
16 109.4 1.70 36.0 75 17.5 102 5.30 
17 106.8 1.69 37.5 72 19.0 90 5.35 
18 95.6 1.66 34.5 56 20.5 68 5.45 
19 100.4 1.51 37.5 68 17.8 80 5.40 
20 105.9 1.99 35.0 83 31.0 86 5.35 
Plant Composition Grain Composition Lodging 
%N %P %K 7oN %P 7oK Score 
2.37 .27 2.49 2.89 .57 .53 
2.31 .26 2.31 2.70 .57 .57 
2.28 .31 2.71 2.66 .59 .59 
2.07 .27 2.63 2.58 .60 .61 
1.84 .28 2.80 2.53 .60 .63 
1.90 .27 2.65 2.29 .52 .57 
1.63 .28 2.50 2.38 .57 .58 
1.80 .27 2.76 2.50 .60 .59 
2.27 .23 1.14 2.79 .40 .53 
2.35 .26 1.62 2.95 .46 .51 
2.47 .25 1.59 2.78 .41 .48 
2.40 .25 1.28 2.80 .43 .50 
2.51 .25 1.32 2.90 .44 .48 
2.44 .21 1.68 3.02 .39 .44 
2.23 .19 1.38 2.89 .37 .45 
2.15 .18 1.14 2.96 .39 .47 
2.52 .23 1.50 2.90 .40 .51 
1.89 .22 1.44 2.58 .44 .45 
2.22 .22 1.50 2.62 .41 .48 
2.14 .23 .93 2.72 .44 .51 
1.95 .23 1.02 2.60 .43 .51 
2.15 .20 1.74 2.82 .42 .47 
2.00 .21 1.56 2.75 .42 .50 
2.24 .21 1.38 2.66 .39 .48 
1.95 .19 1.11 2.58 .38 .45 
2.69 .24 1.71 3.02 .43 .50 
1.67 .22 1.38 2.44 .44 .47 
2.29 .23 1.41 2.87 .44 .47 
Table 18 (Continued) 
Trt.' Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k pH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
21 84.8 1.40 34.5 62 14.5 91 5.15 
22 105.9 1.78 36.0 86 17.2 108 5.35 
23 96.4 1.73 37.0 73 16.0 69 5.35 
24 101.6 1.66 35.5 62 18.0 91 5.35 
25 99.4 1.71 35.5 64 22.5 85 5.30 
26 78.9 1.22 36.0 66 11.5 82 5.20 
27 92.0 1.41 36.5 60 17.0 84 5.25 
28 87.8 1.54 38.0 53 15.0 78 5.20 
Rep II 
1 108.0 1.64 36.0 44 21.5 106 5.20 
2 111.7 1.82 35.5 69 21.0 111 5.30 
3 90.8 1.47 36.0 71 31.0 117 5.40 
4 101.9 1.64 36.5 59 24.5 92 5.30 
5 108.8 1.73 35.0 65 22.0 118 4.90 
6 92.9 1.55 35.5 57 21.5 118 5.25 
7 97.5 1.70 36.5 48 19.2 98 5.25 
8 95.4 1.59 35.5 70 30.5 73 5.30 
9 87.5 1.52 36.0 74 15.0 90 5.30 
10 103.3 1.63 36.5 72 19.8 120 5.40 
11 107.2 1.81 36.0 65 26.5 105 5.20 
12 101.4 1.56 38.5 81 21.0 101 5.35 
13 112.8 1.71 36.0 71 25.2 97 5.20 
14 86.6 1.39 36.5 66 15.2 95 5.40 
15 95.0 1.51 38.0 66 16.2 112 5.20 
16 101.2 1.47 37.0 79 16.5 120 5.10 
17 91.3 1.46 38.0 68 18.5 109 5.35 
18 102.3 1.74 37.0 64 19.5 74 5.25 
19 96.9 1.44 37.0 63 29.0 104 5.25 
Plant Composition Grain Composition Lodging 
%N 7„P %N 7cP 7cK Score 
2.49 .19 1.44 3.07 .34 .44 
2.13 .21 1.71 2.81 .41 .50 
2.48 .23 1.08 2.99 .44 .47 
2.39 .23 1.44 2.89 .43 .47 
2.13 .23 1.32 2.82 .42 .47 
1.79 .17 1.29 2.24 .35 .45 
1.57 .18 1.29 2.21 .37 .44 
1.65 .18 1.17 2.24 .38 .42 
2.13 .22 1.41 2.62 .40 .44 
2.47 .25 1.62 2.67 .45 .54 
2.31 .25 1.50 3.00 .45 .50 
2.35 .25 1.32 2.80 .42 .48 
2.35 .26 1.32 2.85 .44 .47 
2.46 .21 1.68 3.07 .43 .47 
2.58 .21 1.74 2.97 .43 .48 
2.60 .21 1.17 2.89 .38 .50 
2.56 .21 1.20 2.99 ,43 .48 
1.86 .22 1.74 2.43 .41 .44 
1.94 .24 1.50 2.27 .39 .51 
1.93 .23 1.20 2.56 .43 .42 
2.06 .23 1.23 2.59 .45 .48 
1.77 .19 1.65 2.44 .38 .47 
2.04 .20 1.68 2.77 .43 .50 
1.84 .20 1.35 2.39 .39 .47 
1.95 .19 1.29 2.51 .40 .43 
2.62 .26 1.29 3.00 .43 .44 
1.47 .22 1.47 2.15 .43 .50 
Table .18 (Continued). 
Trt. Grain Straw Bushel Soil Test 
No.. . Yield Yield ...Weight. n p k PH . 
bu/ a T/a Ibs/bu pp2m pp2m pp2m 
20 106.6 1.88 36.0 70 23.5 103 5.20 
21 82.4 1.29 36.0 62 14.0 92 5.15 
22 109.0 1.78 36.5 73 21.0 112 5.15 
23 97.7 1.58 35.5 75 15.5 83 5.40 
24 94.6 1.48 36.5 69 18.8 96 5.20 
25 102.5 1.81 38.0 69 20.8 88 5.35 
26 85.0 1.25 36.0 66 18.8 97 5.10 
27 91.7 1.29 36.0 63 16.0 107 5.40 
28 85.6 1.27 36.5 68 14.8 75 5.35 
Clarion-Webster, 1964 Rep I 
1 84.5 1.29 37.0 27 12.8 72 6.25 
2 102.2 1.37 36.0 25 20.2 72 6.00 
3 111.5 1.70 . 36.5 40 20.8 78 6.15 
4 99.5 1.51 « 36.0 29 22.0 58 6.30 
5 97.2 1.29 36.5 30 18.0 70 5.65 
6 99.5 1.39 36.5 32 14.0 70 6.20 
7 81.4 1.21 36.0 35 12.0 71 6.60 
8 91.7 1.21 36.0 28 13.2 74 5.90 
9 91.2 1.26 36.0 26 11.0 65 6.30 
10 103.8 1.43 35.5 32 18.0 66 6.05 
11 86.8 1.12 36.0 30 16.2 70 6.20 
12 86.9 1.21 35.5 37 24.0 74 5.90 
13 96.5 1.26 36.5 28 24.0 74 5.55 
14 79.6 1.09 34.0 31 13.2 80 5.85 
15 86.4 1.19 36.5 42 13.5 83 5.70 
16 89.4 1.13 36.0 15 11.5 60 6.45 
17 86.2 1.16 35.0 31 14.2 78 5.75 
18 93.5 1.30 35.5 30 12.2 70 6.50 
19 98.1 1.25 36.0 36 14.2 62 6.20 
Plant Composition Grain Composition Lodging 
%N %E %K %N %P. 7oK Score 
2,24 .25 1.29 2.82 .48 ,54 
2.47 .18 1.62 2.89 ,35 .42 
2.20 .22 1.68 2.78 .45 .47 
2.19 .23 1.29 2.76 .42 .48 
2.12 .23 1.38 2.92 .47 .47 
2.25 .22 1.47 2.89 ,44 .45 
1.73 .19 1.32 1 2.17 .38 .47 
1.53 .20 1.53 , 2.15 .35 .44 
1.45 .17 1.29 2.42 .40 .47 
2.20 .20 1.44 3.07 .39 .35 
2.35 .20 1.44 2.87 .42 .42 
2.29 .21 1.44 2.83 .39 .41 
2.18 .20 1.14 2.91 .40 .39 
2.19 .21 1.29 2.92 .42 .42 
2.40 .19 1.50 3.04 .36 .39 
2.51 .16 1.65 2,96 .32 ,33 
2.41 .16 1.32 3.07 .38 .39 
2.38 .19 1.26 3.02 .34 .38 
2.04 .21 1.59 2,58 .37 .39 
1.96 .20 1.41 2.67 ,39 .39 
1.71 .18 1.14 2.85 .41 .38 
2.10 .19 1.05 2.87 .40 .38 
2.21 .15 1.62 2.81 .35 .38 
2.20 .17 1.74 3.14 .39 .39 
2.05 .19 1.32 3.09 .40 .39 
2.11 .16 1.23 2,87 .34 .35 
2.19 .19 1.20 3.07 .38 .36 
1.75 .21 1.29 2.39 .38 .44 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
20 90.6 1.14 36.5 29 26.5 56 6.65 
21 65.2 .97 34.5 31 13.8 86 5.55 
22 96.2 1.24 36.0 24 15.2 70 6.25 
23 99.8 1.47 36.0 20 17.8 59 5.75 
24 95.7 1.28 36.0 28 19.5 72 6.00 
25 85.5 1.20 35.5 35 14.0 61 6.60 
26 59.0 .81 33.5 25 11.8 56 6.40 
27 62.8 .86 33.5 26 13.0 70 5.65 
28 58.1 .77 34.0 48 10.5 60 6.60 
Rep II 
1 102.9 1.50 36.0 39 16.0 72 5.80 
2 95.6 1.47 37.5 1 50 21.0 102 5.80 
3 111.6 1.53 36.0 38 17.0 67 5.70 
4 91.6 1.43 38.0 41 13.5 70 6.35 
5 96.0 1.29 36.0 47 17.8 72 5.60 
6 93.3 1.37 35.5 37 13.0 80 5.95 
.7 92.5 1.27 35.0 58 14.5 75 6.00 
8 96.6 1.28 36.0 38 13.0 68 6.15 
9 95.6 1.38 35.5 30 15.0 70 5.80 
10 103.1 1.33 35.5 38 22.0 82 5,75 
11 106.0 1.27 37.0 54 21.0 68 5.90 
12 101.0 1.33 35.5 39 15.2 65 6.15 
13 99.1 1.25 35.0 31 18.2 58 6.05 
14 93.4 1.27 34.5 34 11.2 66 6.80 
15 78.9 1.13 33.5 60 15.0 98 5.50 
16 88.0 1.27 35.5 36 10.2 60 6.95 
17 98.8 1.34 34.5 48 14.5 81 5.90 
18 91.0 1.27 35.5 36 16.5 70 5.70 
19 86.2 1.03 34.0 32 13.5 69 6.25 
Plant Composition Grain Composition Lodging 
7oN %P 7oK %N 7oP %K Score 
2.56 .26 1.32 2.87 .40 .36 
2.35 .14 1.47 2.86 .29 .35 
2.32 .21 1.44 2.92 .40 .41 
2.24 .21 1.08 2.86 .40 .41 
2.42 .21 1.38 2.94 .38 .38 
2.66 .22 1.32 2.82 .37 .38 
2.53 .17 1.44 2.81 .27 .38 
2.58 .13 1.20 2.78 .32 .38 
2.23 .16 1.35 2.83 .28 .38 
2.39 .19 1.38 2.91 .40 .41 
2.14 .20 1.32 3.11 .43 .41 
2.20 .20 1.44 2.97 .44 .44 
2.58 .22 1.23 3.10 .45 .42 
1.93 .19 1.08 3.05 .43 .39 
1.96 .19 1.44 3.24 .26 .41 
2.57 .17 1.47 2.85 .32 .38 
2.33 .18 1.56 2.85 .33 .36 
2.33 .17 1.17 2.98 .34 .36 
2.05 .20 1.44 2.81 .49 .30 
2.12 .22 1.47 2.85 .40 .41 
1.99 .22 1.08 2.95 .43 .44 
1.66 .20 1.02 2.69 .40 .39 
2.18 .18 1.23 2.73 .32 .38 
2.17 .17 1.44 2.76 .35 .35 
2.32 .21 1.41 2.88 .31 .38 
2.02 .17 1.20 2.71 .34 .41 
2.60 .19 1.26 2.95 .38 .38 
1.96 .21 1.41 2.47 .38 .44 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a lbs/bu pp2m pp2m pp2m 
20 112.5 1.60 35.0 34 19.5 70 6.00 
21 62.9 0.95 34.0 35 9.5 66 6.80 
22 100.7 1.47 36.5 56 12.8 64 6.40 
23 88.6 1.34 35.5 40 17.5 72 5.65 
24 104.1 1.42 35.0 48 13.8 66 6.55 
25 94.1 1.33 37.0 48 16.0 79 5.60 
26 66.4 0.89 34.5 45 14.0 65 6.15 
27 68,8 0.95 35.0 42 12.5 70 6.45 
28 70.7 0.91 33.5 35 12.2 71 5.75 
Howard County, 1964 Rep I 
1 101.6 1.66 35.0 41 22.2 92 5.70 
2 103.6 1.69 35.5 49 30.0 118 5.80 
3 106.3 1.54 35.0 38 21.0 78 5.70 
4 100.6 1.64 35.0 60 36.5 102 5.80 
5 98.4 1.63 35.0 42 24.5 103 5.75 
6 100.0 1.76 35.5 46 20.5 86 5.75 
7 103.9 1.75 34.5 47 18.8 107 5.50 
8 93.4 1.51 37.5 49 20.5 108 5.65 
9 111.3 1.55 34.5 60 19.0 112 5.75 
10 104.6 1.74 35.5 77 37.5 135 5.80 
11 103.8 1.91 35.0 52 29.8 110 5.90 
12 108.8 1,48 36.0 62 26.5 84 5.85 
13 97.5 1,80 34.5 44 28.0 108 5.75 
14 105.4 1.57 36.0 72 20.5 125 5.75 
15 116.8 1.71 38.0 54 19.0 88 5.55 
16 100.6 1.62 35.5 42 21.5 108 5.85 
17 100.8 1.66 36.5 52 19.2 90 5.65 
18 98.0 1.60 35.5 35 25.5 112 5.75 
19 108.1 1.64 36.0 55 22.5 77 5.65 
Plant Composition Grain Composition Lodging 
%N %P %K %N 7oP 7oK Score 
2.00 .22 1.11 2.97 .45 .44 
2.30 .14 1.56 3.15 .28 .42 
2.10 .20 1.50 2.80 .38 .45 
2.47 .20 1.08 2.'65 .44 .42 
2.72 .21 1.44 2.75 .38 .44 
1.84 .18 1.23 2.89 .39 .39 
2.20 .15 1.29 2.85 .29 .38 
2.06 .15 1.35 2.76 .27 .41 
2.41 .16 1.29 2.78 .30 .39 
1.91 .21 1.25 2.80 .41 .51 1 
2.47 .26 1.71 2.85 .39 .46 3 
2.63 .26 1.44 2.76 .39 .51 3 
2.53 .26 1.44 2,82 .37 .50 3 
2.21 .25 1.32 2.82 .41 .59 2 
2.33 .25 1.50 3.05 .40 .48 1 
2.40 .25 1.74 3.02 .40 ,50 1 
2,51 .25 1.47 3.29 .45 .46 2 
2:70 .26 1.98 2.90 .38 .52 3 
1:75 .26 1.66 2.76 .40 .48 2 
2.18 .28 2.04 2.68 .41 .48 1 
2.15 .27 1.47 2.87 .45 .51 3 
2.11 .28 1.74 2.96 .45 .44 2 
2.13 .24 1.68 2.72 .36 .46 2 
2.15 .24 1.83 2.76 .39 .46 1 
2.15 .24 1.35 2.69 .38 .46 1 
2.15 .23 1.38 2,61 .37 .46 1 
2.40 .26 1.74 3.26 .47 .50 2 
1.66 .28 1.56 2.35 .44 .48 1 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
20 89.2 1.55 36.5 46 31.0 108 5.90 
21 99.3 1.61 37.5 32 16.5 82 5.55 
22 105.7 1.80 37.5 43 26.0 77 5.75 
23 ,111.9 1.70 35.5 55 27.8 95 5.85 
24 106.1 1.58 35.5 32 22.0 75 5.75 
25 98.9 1.62 35.5 58 30.5 90 5.75 
26 100.1 1.59 35.5 50 20.5 102 5.75 
27 94.6 1.41 36.0 50 16.5 67 5.60 
28 98.0 1.54 37.0 
Rep II 
38 19.5 86 5.70 
1 111.4 1.57 35.0 30 21.0 90 5.85 
2 110.4 1.79 36.0 38 20.0 80 5.70 
3 105.4 1.56 35.0 70 25.5 94 5.70 
4 108.2 1.75 33.0 35 24.5 74 5.65 
5 105.8 1.68 36.0 52 25.0 84 5.70 
6 103.0 1.54 37.5 64 18.5 122 5.75 
7 93.5 1.49 35.0 61 16.8 100 5.85 
8 97.9 1.26 34.5 40 16.0 68 5.65 
9 112.7 1.70 34.5 38 18.5 87 5.80 
10 114.8 1.67 35.0 38 21.0 64 5.75 
11 105.4 1.51 36.0 39 22.5 88 5.45 
12 108.8 1.59 37.0 49 22.0 77 6.00 
13 116.8 1.31 36.0 64 22.5 94 5.75 
14 103.3 1.36 36.0 40 18.2, 101 5.70 
15 98.3 1.78 35.5 56 18.2 90 6.00 
16 106.6 1.42 35.5 48 17.2 82 5.85 
17 95.1 1.52 36.0 34 17.8 75 5.75 
18 110.1 1.64 35.5 56 19.0 100 5.90 
19 120.5 1.57 36.5 54 22.2 114 5.65 
Plant Composition Grain Composition Lodging 
%N %P %K 7oN 7oP 7oK Score 
2.11 .27 1.74 2.92 .44 .48 3 
2.56 .24 1.71 2.92 .34 .42 1 
2.46 .28 1.89 2.89 .40 .46 2 
2.42 .28 1.38 3.02 .44 .52 1 
2.32 .27 1.41 2.95 .48 .51 2 
2.39 .25 1.65 2.90 .40 .48 2 
1.53 .23 1.71 2.53 .36 .42 1 
1.81 .19 1.05 2.69 .38 .44 1 
2.10 .22 1.50 2.73 .35 .45 1 
2.41 .27 1.50 2.70 .37 .48 3 
2.27 .28 1.83 3.11 .42 .45 3 
2.29 .28 1.77 2.98 .40 .46 2 
2.34 .28 1.53 2.95 .40 .52 2 
2.73 .28 1.26 3.05 .43 .48 3 
2.46 .25 1.59 3.00 .35 .44 2 
2.61 .26 1.53 2.82 .34 .46 2 
2.51 .24 1.26 2.87 .34 .45 2 
2.32 .25 1.20 2.90 .37 .48 2 
2.35 .29 1.56 2.63 .39 .45 3 
2.33 .28 1.56 2.81 .39 .42 2 
2.05 .27 1.35 2.44 .45 .54 1 
2.14 .27 1.38 2.61 .40 .51 1 
2.24 .26 1.68 2.73 .43 .52 1 
2.22 .24 1.71 2.60 .35 .46 1 
2.31 .26 1.35 2.76 .35 .42 1 
2,15 .24 1.32 2.59 .43 .45 1 
2.76 .29 1.50 2.92 .45 .57 . 4 
2.19 .29 1.65 2.43 .46 .52 1 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T / q  Ibs/bu pp2m pp2m pp2m 
20 91.9 1.53 32.0 55 31.5 93 5.65 
21 100.0 1.51 37.0 47 15.5 85 5.95 
22 105.3 1.53 35.5 36 20.0 100 5.65 
23 115.1 1.41 35.0 50 19.0 111 5.80 
24 102.2 1.59 34.5 53 20.5 106 5.85 
25 108.8 1.66 36.0 45 17.8 72 5.60 
25 94.0 1.35 36.5 72 17.2 98 5.80 
27 98.0 1.55 35.5 60 21.5 96 5.85 
28 94.1 1.53 36.5 50 20.0 83 5.60 
Galva-Primghar, 1964 Rep I 
1 75.4 0.96q 36.0 34 14.5 206 5.85 
2 70.4 0.95 35.5 46 17.5 182 5.80 
3 80.9 1.08 37.0 42 13.8 190 5.60 
4 71.4 0.97 37.5 47 16.5 208 5.60 
5 71.5 0.97 37.0 30 15.8 212 5.60 
6 63.4 0.94 37.0 30 12.8 168 5.95 
7 72.3 1.01 37.0 46 14.2 192 5.55 
8 69.8 1.00 36.5 36 10.2 160 5.80 
9 68.8 1.04 37.5 40 12.8 192 5.60 
10 71.2 1.21 37.0 28 , 14.2 128 5.90 
11 79.2 1.07 36.5 30 17.0 163 5.80 
12 68.9 0.99 36.5 30 8.0 224 5.85 
13 74.6 1.05 35.5 44 18.2 212 5.95 
14 68.0 1.00 37.5 41 12.8 164 6.00 
15 69.8 0.91 36.0 50 12.5 150 6.10 
16 79.9 0.92 36.5 42 11.0 156 6.15 
17 74.0 0.97 36.5 40 13.0 170 5.75 
18 79.6 0.94 37.0 33 16.5 177 5.95 
Plant Composition Grain Composition Lodging 
7„N %P 7oK 7cN %P 7oK Score 
2.09 .27 1.56 2.71 .41 .54 5 
2.44 .20 1.56 2.94 .32 .45 1 
2.47 .27 1.68 2.81 .35 .40 2 
2.31 .26 1.47 2.86 .40 .48 4 
2.49 .27 1.32 2.98 .44 .46 2 
2.49 .28 1.44 2,90 .41 .44 3 
2.14 .25 1.38 2.38 .33 .42 1 
1.93 .23 1.44 2.54 .35 .48 1 
2.17 .23 1.29 2.31 .39 .51 1 
2.04 .17 1.89 3.08 .42 .40 
2.38 .17 2.05 3.26 .44 .39 
2.39 .17 2.01 3.14 .42 .37 
2.22 .18 1.80 3.16 .44 .37 
2.51 .18 1.86 3.18 .41 .37 
2.24 .16 2.01 3.30 .39 .36 
2.03 .14 2.13 3.20 .39 .37 
2.28 .16 1.89 3.29 .38 .36 
2.15 .16 2.07 3.37 .40 .37 
2.19 .19 1.86 3.16 .45 .40 
2.33 .19 1.98 2.99 .42 .39 
2.11 .18 1.83 3.20 .45 .39 
2.34 .19 1.80 3.05 .41 .37 
2.11 .16 1.92 3.30 .39 .36 
2.00 .14 1.98 3.16 .38 .36 
2.05 .17 1.89 3.11 .39 .40 
1.92 .16 1.86 2.98 .36 .34 
2.41 .18 1.92 3.32 .44 .37 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
19 75.7 0.94 36.5 38 15.5 142 6.00 
20 74.8 0.89 36.5 30 19.2 129 6.00 
21 68.9 0.88 36.5 34 12.0 158 5.85 
22 75.2 0.94 37.0 48 14.8 208 5.95 
23 77.2 1.10 36.0 45 18.2 157 6.10 
24 69.2 1.00 36.0 35 14.8 208 5.70 
25 69.7 0.84 36.5 35 8.8 194 5.85 
26 67.0 0.88 37.0 43 12.8 160 6.05 
27 68.0 0.88 36.5 41 12.5 158 5.85 
28 67.1 0.87 37.0 34 9.0 183 5.80 
Rep II 
1 99.7 1.19 37.0 49 13.0 155 6.00 
2 73.2 0.90 37.0 32 16.0 139 6.20 
3 78.1 1.10 36.5 38 13.8 173 5.80 
4 96.0 1.21 36.0 38 15.2 146 6.15 
5 73.4 0.99 37.0 34 14.8 167 5.90 
6 73.0 0.96 37.0 40 12.0 172 5.90 
7 65.0 0.86 37.0 38 9.5 180 5.70 
8 73.4 0.95 36.0 36 10.2 162 5.80 
9 73.2 0.86 36.0 42 13.0 166 6.05 
10 79.0 1.08 36.5 36 19.5 142 5.95 
11 90.6 1.24 36.0 40 13.8 197 5.85 
12 62.1 0.78 36.0 35 18.0 160 5.80 
13 71.3 0.98 36.0 35 15.8 135 5.85 
14 70.6 0.95 36.5 34 11.0 180 6.05 
15 74.2 0.90 36.5 42 11.2 146 6.20 
16 73.0 0.91 35.5 57 12.0 136 6.15 
17 82.5 1.06 36.5 31 11.5 128 6.00 
18 59.8 0.88 36.0 30 15.8 159 5.70 
19 86.0 1.10 37.0 34 11.5 165 5.90 
Plant Composition Grain Composition Lodging 
%N %T? 7oK %N %P %K Score 
2.05 .19 1.92 2.83 .44 .42 
2.44 .19 1.71 3.16 .45 .37 
2.18 .14 2.22 3.30 .34 .37 
2.00 .16 1.86 3.16 .42 .40 
2.23 .16 1.59 3.14 .43 .37 
2.27 .16 1.86 3.20 .42 .34 
2.35 .17 1.95 3.07 .39 .37 
2.14 .14 2.10 3.05 .33 .39 
2.06 .16 2.01 3.11 .33 .36 
2.28 .16 2.16 3.05 .32 .40 
2.17 .16 1.83 3.10 .38 .37 
2.15 .18 1.68 3.24 .45 .39 
2.04 .18 1.80 3.07 .42 .37 
2.14 .18 1.62 3.11 .43 .44 
2.35 .16 1.71 3.20 .42 .39 
2.32 .16 2.25 3.29 .35 .39 
2.35 .14 2.19 3.30 .38 .39 
2.17 .14 1.95 3.06 .33 .37 
2.52 .14 1.98 3.17 .36 .37 
1.99 .19 1.89 2.89 .38 .37 
2.06 .19 1.98 2.92 .42 .42 
1.95 .17 1.62 2.92 .42 .42 
2.13 .18 1.86 3.11 .43 .39 
2.04 .17 1.92 3.21 .39 .39 
1.95 .16 2.01 3.08 .38 .40 
2.22 .16 1.92 3.15 .38 .39 
2.25 .17 1.92 3.05 .36 .36 
2.42 .16 2.04 3.16 .39 .36 
1.71 .18 1.89 2.53 .42 .42 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k pH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
20 72.2 1.00 36.5 54 20.5 174 5.90 
21 66.0 0.85 36.5 36 10.5 160 6.15 
22 85.6 1.09 36.5 36 18.2 176 6.20 
23 73.3 1.05 37.5 41 11.5 159 5.90 
24 69.8 0.91 37.0 39 13.2 160 6.00 
25 71.4 0.96 37.5 38 10.5 192 5.95 
26 64.0 0.87 35.5 33 11.0 123 6.00 
27 68.7 0.90 36.5 38 10.5 175 6.10 
28 61.1 0190 37.0 31 8.5 133 5.85 
Grundy-Shelby, 1964 Rep I 
1 75.4 1.72 32.0 18 26.0 170 6.75 
2 76.6 1.82 29.5 27 31.5 137 6.80 
3 78.4 1.85 29.0 25 31.0 174 6.70 
4 77.9 1.93 28.5 22 18.4 116 6.75 
5 77.6 1.88 28.0 23 33.0 128 6.55 
6 76.7 1.81 28.5 33 23.0 166 6.55 
7 73.4 1.78 28.5 22 14.2 135 6.70 
8 68.2 1.56 28.5 29 19.0 112 7.05 
9 69.2 1.62 29.0 34 17.3 128 6.65 
10 81.4 1.73 30.5 31 28.0 171 6.50 
11 76.4 1.61 30.0 29 22.5 126 6.45 
12 80.3 1.64 30.0 35 32.5 176 6.30 
13 84.9 1.84 29.0 22 41.0 186 6.45 
14 66.7 1.61 29.5 23 20.2 120 6.75 
15 76.5 1.53 30.5 26 27.0 174 6.70 
16 70.0 1.56 30.5 33 38.0 139 6.65 
17 74.5 1.55 30.0 30 19.2 142 6.80 
18 86,1 2.02 29.0 37 20.3 146 6.85 
19 73.7 1.61 29.5 41 16.8 130 6.80 
Plant Composition Grain Composition Lodging 
%N %P %K %N %P %K Score 
2.21 .18 1.86 3.09 .44 .39 
2.20 .13 2.28 3.27 .33 .37 
2.27 .18 1.92 3.07 .38 .36 
2.32 .17 1.65 3.11 .40 .36 
2.08 .17 1.71 3.25 .39 .34 
2.13 .16 1.71 3.16 .43 .34 
1.85 .15 2.01 3.02 .34 .39 
1.87 .16 2.10 2.18 .30 .39 
2.22 .15 2.19 3.12 .31 .39 
2.43 .26 2.37 2.78 .44 .36 4 
2.69 .27 2.10 2.96 .50 .40 2 
2.34 .26 2.28 2.81 .46 .36 3 
2.30 .27 2.16 2.79 .47 .36 3 
2.44 .28 2.28 2.99 .53 .39 4 
2.51 .27 2.76 2.77 .45 .39 2 
2.77 .25 2.43 2.78 .41 .34 3 
2.61 .24 2.22 2.87 .46 .37 3 
2.85 .34 2.22 2.91 .46 .36 2 
2.11 .27 2.43 2.83 .54 .42 2 
2.15 .27 2.34 2.81 .51 .40 2 
2.25 .28 2.25 2.81 .54 .40 2 
2.35 .29 2.34 2.59 .49 .36 3 
2.50 .28 2.22 2.87 .47 .36 2 
2.12 .26 2.40 2.56 .48 .37 1 
2.39 .28 2.10 2.57 .47 .36 2 
2.57 .25 2.40 2.57 .50 .39 1 
2.71 .27 2.43 2.90 .47 .37 3 
1.87 .27 2.46 2.46 .48 .34 2 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k pH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
20 69.1 1.59 29.5 28 29.5 152 6.80 
21 83.0 1.70 29.0 29 14.4 130 6.45 
22 74.2 1.68 30.5 35 19.0 146 6.85 
23 79.4 1.69 29.0 20 29.0 162 6.75 
24 75.0 1.76 28.5 18 26.5 130 6.45 
25 79.7 1.87 28.5 33 20.5 118 6.50 
26 69.6 1.47 30.5 24 14.3 158 6.75 
27 68.5 1.37 30.5 28 18.0 144 6.60 
28 66.9 1.55 29.0 30 23.5 137 6.95 
29 68.6 1.59 29.0 34 21.5 153 6.75 
Rep II 
1 75.6 1.85 29.0 20 21.0 174 6.65 
2 61.4 1.58 29.5 32 28.5 120 6.75 
3 66.5 1.89 29.5 30 24.5 129 6.35 
4 72.2 1.90 28,5 28 25.0 122 6.45 
5 76.2 1.97 28.5 16 21.8 132 6.40 
6 69.1 1.61 28.5 24 26.5 223 6.95 
7 64.0 1.77 28.5 26 18.0 140 6.80 
8 71.1 1.76 29.5 37 19.0 114 6.45 
9 69.2 1.73 29.0 26 17.5 145 6.30 
10 73.3 1.59 29.5 27 41.0 223 6.80 
11 78.6 1.74 31.0 25 21.0 150 6.20 
12 72.0 1.65 30.5 23 27.5 140 6.70 
13 76.4 1.79 30.5 32 24.0 154 6.50 
14 74.7 1.90 30.5 20 19.0 194 6.65 
15 61.4 1.64 30.0 28 25.0 134 6.85 
16 71.3 1.52 30.0 30 18.8 134 6.55 
17 75.0 1.63 30.0 26 17.5 136 6.30 
18 59.4 1.53 29.0 21 24.5 135 6.65 
Plant Composition Grain Composition Lodging 
%N %P %K %N %P %K Score 
2.48 .26 2.34 2.90 .48 .33 1 
2.19 .20 2.07 2.68 .45 .37 3 
2.34 .26 2.19 2.60 .49 .37 3 
2.25 .25 2.04 2.73 .46 .36 4 
2.50 .28 2.31 2.83 .49 .37 4 
2.27 .27 2.31 2.82 .51 .39 3 
1.98 .24 2.25 2.37 .43 .34 1 
2.32 .24 2.37 2.50 .46 .36 1 
2.54 .28 2.55 2.56 .46 .36 2 
2.13 .31 2.04 2.79 .52 .39 1 
2.54 .29 2.49 2.88 .47 .39 3 
2.73 .31 2.01 3.01 .50 .37 2 
2.61 .26 2.13 2.90 .49 .40 3 
2.83 .30 2.10 2.95 .47 .44 4 
2.52 .23 2.34 2.85 .45 .42 4 
2.69 .28 3.03 2.91 .48 .37 3 
2.62 .28 2.19 2.89 .48 .39 3 
2.63 .26 2.28 3.02 .50 .37 3 
2.63 .29 2.07 2.99 .51 .42 2 
2.29 .27 2.49 2.69 .50 .37 2 
2.10 .27 2.37 2.63 .49 .37 2 
2.31 .26 1.83 2.77 .50 .36 3 
1.89 .25 1.89 2.73 .51 .40 2 
2.41 .26 2.76 2.88 .48 .37 2 
2.24 .23 2.13 2.87 .49 .39 1 
2.52 .26 1.98 2.76 .48 .36 2 
2.14 .25 2.04 2.60 .48 .39 2 
2.60 .26 2.10 2.97 .49 .37 3 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
19 67.5 1.51 30.0 27 19.2 122 6.45 
20 67.9 1.66 29.0 23 27.5 126 6.50 
21 59.7 1.62 29.5 32 20.0 136 6.55 
22 66.2 1.60 29.5 34 20.8 136 6.60 
23 75.0 1.82 29.0 25 20.0 122 6.45 
24 74.6 1.81 29.0 24 18.5 123 6.45 
25 81.8 1.74 29.0 24 19.5 105 6.45 
26 72.2 1.44 30.5 32 15.0 128 6.55 
27 70.7 1.58 29.5 33 16.5 117 6.60 
28 61.9 1.49 29.0 28 28.5 126 6.90 
29 73.0 1.44 30.5 25 24.5 140 6.50 
Carrington-Clyde, 1965 Rep I 
1 93.9 1.97 31.0 20 20.5 86 5.45 
2 94.7 1.72 31.0 33 27.8 112 5.40 
3 89.3 2.08 32.0 26 24.7 91 5.35 
4 99.2 2.10 31.0 17 28.1 88 5.40 
5 99.0 2.00 31.5 26 29.1 66 5.30 
6 91.4 1.63 35.0 23 15.0 96 5.30 
7 99.3 1.91 34.5 19 15.9 79 5.40 
8 93.9 2.20 32.0 25 17.4 80 5.25 
9 91.4 2.05 30.5 20 18.5 81 . 5.30 
10 102.6 2.06 34.5 29 29.6 103 5.40 
11 108.1 2.06 33.5 24 27.6 100 5.40 
12 108.2 2.16 32.0 21 25.0 79 5.40 
13 105.8 2.03 34.5 22 24.8 72 5.40 
14 110.1 1.92 35.0 36 18.9 120 5.40 
15 100.4 1.67 33.5 21 16.2 88 5.40 
16 92.4 1.75 34.0 22 13.5 84 5.35 
17 100.1 1.72 35.5 29 16.6 75 5.50 
Plant Composition Gtain Composition Lodging 
7oN 7oF 7oK • 7oN %P %K Score 
2.17 .27 2.43 . 2.43 .46 .36 1 
2.70 .28 2.25 2.73 .48 .37 2 
2.57 .24 2.01 2.96 .47 .36 1 
2.54 .23 2.31 2.81 .50 .37 3 
1.92 .25 1.98 2.78 .49 .39 3 
2.32 .26 2.55 2.77 .48 .39 3 
2.48 .24 2.34 2.72 .50 .40 3 
1.87 .25 2.16' 2.65 .50 .39 1 
2.21 .25 2.04 2.77 .50 .37 2 
2.18 .27 1.83 2.67 .47 .33 1 
1.96 .28 2.16 2.49 .48 .36 2 
2.70 .24 1.32 2.38 .41 .54 2 
2.82 .28 2.13 2.59 .43 .57 3 
2.77 .27 1.74 2.52 .41 .51 3 
2.73 .27 1.35 2.72 .45 .56 4 
2.82 .27 1.32 2.71 .44 .54 3 
2.96 .24 1.89 2.79 .26 .48 1 
2.88 .24 1.74 2.76 .37 .53 1 
3.10 .24 1.53 2.71 .36 .48 2 
2.71 .24 1.74 2.60 .40 .54 3 
2.28 .26 1.68 2.06 .41 .48 2 
2.10 .25 1.56 2.21 .40 .49 1 
2.17 .25 1.14 2.43 .41 .51 2 
1.91 .25 1.35 2.28 .40 .46 1 
2.21 .22 2.10 2.35 .36 .48 . 1 
2.11 .22 1.92 2.23 .38 .51 1 
2.09 .22 1.44 2.38 .36 .46 1 
1.99 .21 1.38 2.24 .37 .46 1 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k pH 
bu/a T/a lbs/bu pp2m pp2m pp2m 
18 100.1 1.82 31.0 22 27.8 94 5.30 
19 90.0 1.71 36.5 34 24.4 81 5.45 
20 105.7 2.32 32.5 17 29.0 85 5.40 
21 97.2 2.33 32.0 27 13.1 81 5.35 
22 99.3 2.21 33.0 14 19.8 89 5.45 
23 85.8 1.80 34.0 21 24.8 81 5.40 
24 84.2 1.71 33.0 22 18.4 89 5.50 
25 86.2 2.05 30.5 23 24.4 97 5.20 
26 70.1 1.16 35.5 24 12.5 82 5.45 
27 72.9 1.36 36.0 22 13.8 79 5.40 
28 86.5 1.38 35.5 21 14.0 67 5.40 
Rep II 
1 98.3 1.89 32.0 19 23.1 92 5.40 
2 86.2 2.27 30.5 17 29.6 97 5.30 
3 88.8 1.93 34.0 21 26.2 98 5.40 
4 74.6 1.98 32.5 20 26.6 92 5.45 
5 64.4 2.23 28.5 30 26.0 86 5.40 
6 90.9 2.12 32.5 18 16.7 105 5.35 
7 85.6 1.94, 32.5 28 15.7 86 5.30 
8 95.6 2.09 31.0 27 17.2 74 5.40 
9 89.6 1.65 33.0 18 18.8 96 5.35 
10 88.7 1.95 36.5 24 20.6 93 5.40 
11 87.7 2.09 33.0 13 29.4 91 5.30 
12 90.7 1.69 35.0 16 30.4 99 5.50 
13 95.1 1.91 34.5 20 31.2 75 5.40 
14 83.0 1.74 35.5 20 15.7 110 5.40 
15 99.8 1.91 34.5 27 19.4 104 5.35 
16 76.7 1 . 8 8 1  35.0 26 15.6 84 5.40 
17 93.8 1.97, 35.0 23 19.0 89 5.45 
Plant Composition Grain Composition Lodging 
%N %P 7oK %N 7oP 7oK Score 
3.15 .26 1.65 2.87 .44 .56 4 
1.38 .22 1.56 2.06 .42 .48 1 
2.50 .27 1.50 2.63 .43 .53 3 
2.85 .21 2.28 2.58 .32 .48 1 
2.57 .25 2.04 2.57 .40 .56 2 
2.56 .25 1.14 2.54 .38 .45 3 
2.63 .25 1.56 2.79 .40 .51 2 
2.62 .27 1.71 2.60 .44 .54 3 
1.69 .18 1.44 1.91 .21 .44 1 
1.58 .21 1.56 1.86 .37 .45 1 
1.76 .19 1.17 2.11 .33 .45 1 
2.62 .23 1.74 2.20 .38 .51 2 
2.49 .26 2.22 2.47 .43 .58 4 
3.02 .28 1.86 2.76 .43 .51 3 
2.63 .27 1.44 2.78 .39 .50 3 
2.85 .26 1.47 2.47 .41 .58 4 
3.01 .25 2.28 2.78 .37 .53 2 
2.77 .22 1.86 2.71 .33 .48 1 
2.94 .23 1.29 2.60 .33 .51 2 
2.83 .23 1.56 2.78 .37 .54 
1.74 .23 2.07 2.00 .40 .48 
1.93 .26 2.25 2.06 .40 .56 
1.74 .24 1.59 2.08 .40 .50 
1.69 .24 1.62 2.03 .42 .51 
2.09 .21 1.83 2.19 .34 .45 
2.08 .21 2.28 2.21 .35 .48 
1.86 .21 2.77 1.91 .38 .46 
2.06 .20 1.59 2.12 .34 .42 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k pH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
18 89.4 1.84 30.0 24 25.7 88 5.30 
19 75.6 1.70 36.0 25 27.3 106 5.35 
20 97.9 2.08 31.5 24 32.4 93 5.30 
21 89.5 1.49 36.0 34 14.2 88 5.40 
22 87.1 2.30 33.0 23 21.8 99 5.40 
23 81.2 2.00 32.5 28 20.2 85 5.55 
24 93.2 2.09 33.0 18 24.3 94 5.45 
25 75.8 1.91 30.5 27 25.4 92 5.30 
26 58.2 1.49 35.0 30 15.0 79 5.40 
27 66.6 1.18 35.5 11 15.9 84 5.40 
28 84.2 1.42 34.5 22 13.6 68 5.40 
Clarion-Webster, 1965 Rep I 
1 73.3 2,12 37.0 14 15.4 65 6.50 
2 72.8 2.05 34.0 15 19.8 79 6.30 
3 82.8 2.66 36.0 24 18.8 66 6.25 
4 68.6 2.28 35.5 17 26.5 66 6.45 
5 68.3 2.00 33.5 19 25.5 70 5.95 
6 78.8 2.41 34.0 20 13.8 70 6.30 
7 68.8 2.30 36.5 12 14.4 86 6.75 
8 74.0 2.05 35.0 22 13.1 70 6.15 
9 78.4 2.06 35.0 25 12.5 57 6.50 
10 78.2 1.87 36.0 16 21.1 73 6.40 
11 81.0 1.61 36.5 13 25.7 88 6.35 
12 66.1 1.78 36.5 20 26.2 69 6.10 
13 73.7 1.88 37.0 18 27.3 63 5.90 
14 71.8 1.54 36.5 23 15.0 79 6.30 
15 72.2 2.13 36.0 21 15.3 74 5.85 
16 78.2 1.88 35.5 14 14.9 70 6.60 
17 71.7 2.05 36.5 18 15.2 63 6.05 
Plaxï Composition Grain Composition Lodging 
%N %P 7oK %N 7oP %K Score 
3.01 .26 1.47 2.89 .43 .54 4 
1.31 .22 1.92 1.81 .42 .44 1 
2.18 .26 1.53 2.38 .43 .52 3 
2.94 .19 1.89 2.69 .29 .44 1 
2.62 .26 2.13 2.33 .39 .51 2 
2.64 .24 1.23 2.57 .39 .45 2 
2.87 .26 1.80 2.53 .37 .40 2 
2.59 .24 1.80 2.57 .38 .^5 3 
1.48 .20 1.65 1.76 .37 .42 1 
1.36 .19 1.56 1.77 .35 .40 1 
1.72 .18 1.32 2.15 .32 .42 1 
2.05 .23 1.39 2.49 .45 .46 2 
2.12 .25 1.58 2.77 .48 .53 4 
2.08 .26 1.46 2.75 .50 .54 4 
2.30 .26 1.17 2.83 .51 .54 2 
2.44 .27 1.35 2.91 .50 .57 3 
2.23 .21 1.53 2.89 .39 .50 2 
2.37 .22 1.48 3.05 .44 .45 1 
2.39 .20 1.28 2.81 .43 .46 4 
2.29 .20 1.24 2.82 .40 .45 2 
1.51 .27 1.64 2.17 .46 .50 1 
1.47 .28 1.53 2.25 .48 .50 1 
1.56 .26 1.33 2.13 .47 .51 1 
1.46 .24 1.10 2.14 .44 .50 1 
1.44 .19 1.53 2.10 .40 .48 1 
1.70 .20 1.58 2.27 .41 .50 1 
1.88 .21 1.37 2.59 .46 .53 1 
1.45 .20 1.17 2.21 .39 .45 1 
Table 18 (Gomtinued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu, pp2m pp2m pp2m 
18 80.9 2.06 36.0 14 14.1 67 6.70 
19 62.5 1.24 37.0 33 17.7 66 6.35 
20 82.8 1.81 37.0 11 31.3 65 6.80 
21 68.2 1.71 36.0 18 13.1 79 5.90 
22 77.2 1.94 36.0 14 16.8 68 6.40 
23 82.1 1.97 34.5 14 17.2 55 6.05 
24 80.5 2.23 35.5 24 20.9 73 6.20 
25 81.4 2.47 36.5 14 16.2 74 6.85 
26 43.4 1.03 35.5 11 14.5 62 6.80 
27 49.4 1.28 35.0 24 12.1 66 5.80 
28 49.5 1.04 35.5 
Rep II 
26 10.9 61 6.55 
1 76.0 2.45 34.5 14 20.4 67 5.90 
2 93.8 2.54 35.0 25 18.0 74 6.20 
3 69.0 2.29 31.5 16 24.5 70 5.90 
4 82.4 2.21 35.5 18 19.5 64 6.60 
5 63.8 2.19 31.5 17 24.0 69 5.80 
6 85.7 2.60 33.5 17 12.3 87 6.15 
7 103.0 2.34 34.0 28 15.1 93 5.85 
8 75.4 1.79 33.0 18 12.6 68 6.25 
9 94.7 2.30 33.5 18 14.7 77 6.00 
10 75.9 2.81 36.5 11 24.9 70 6.05 
11 87.0 2.24 36.5 30 20.8 71 6.20 
12 82.9 1.82 36.5 11 17.3 67 6.50 
13 79.4 1.81 36.5 15 20.7 63 6.25 
14 . 8oa 1.56 36.0 15 10.9 77 6.90 
15 95.1 2.11 36.5 22 15.9 88 5.85 
16 85.8 1.73 36.0 24 11.0 69 7.05 
17 78.2 2.02 36.0 15 11.7 68 6.20 
Plant Composition Grain Composition Lodging 
%K 7oN %P %N 7oP 7cK Score 
2.15 .26 1.46 3.01 .49 .48 2 
1.27 .27 1.48 2.11 .50 .51 1 
2.11 .29 1.42 2.69 .51 .51 1 
2.24 .16 1.66 2.92 .29 .44 1 
2.10 .24 1.62 2.67 .45 .48 2 
2.00 .24 0.90 2.61 .44 .50 2 
2.19 .25 1.55 2.66 .47 .45 2 
1.99 .26 1.37 2.71 .49 .48 1 
1.86 .17 1.44 2.49 .35 .45 1 
1.57 .17 1.37 2.08 .33 .42 1 
1.83 .17 1.30 2.48 .31 .44 1 
2.12 .23 1.42 2.62 .44 .51 2 
2.05 .23 1.39 2.82 .48 .50 4 
2.30 .31 1.60 2.82 .47 .53 4 
2.22 .26 1.08 2.82 .50 .50 2 
2.34 .26 1.12 2.83 .47 .51 3 
2.41 .20 1.55 2.95 .39 .45 2 
2.46 .21 1.53 2.91 .43 .48 1 
2.44 .22 1.26 2.90 .41 .48 4 
2.51 .21 1.28 2.92 .40 .48 2 
1.82 .27 1.71 2.14 .47 v48 1 
1.66 .27 1.60 2.27 .48 .48 1 
1.81 .28 1.37 2.31 .49 .50 1 
1.42 .25 1.06 2.27 .48 .50 1 
1.56 .21 1.55 2.38 .44 .50 1 
1.67 .21 1.66 2.20 .40 .46 1 
1.90 .22 1.44 2.50 .45 .48 1 
1.73 .21 1.30 2.32 .44 .48 1 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
18 90.8 2.34 34.0 17 16.5 56 6.00 
19 46.6 1.25 36.5 11 18.2 66 6.45 
20 77.0 2.20 35.0 23 34.7 76 6.25 
21 65.0 2.24 35.0 15 9.4 73 6.95 
22 88.9 2.14 36.5 23 13.5 74 6.65 
23 82.5 2.56 33.5 18 19.0 66 5.95 
24 96.7 1.98 36.0 24 17.9 65 6.70 
25 76.4 2.37 36.0 25 19.6 78 5.70 
26 55.1 1.12 36.5 23 11.2 74 6.30 
27 46.3 1.13 35.0 23 11.7 69 6.70 
28 50.4 1.06 36.5 24 12.0 72 6.05 
Howard County, 1965 Rep I 
1 106.3 1.92 37.0 61 21.3 82 5.70 
2 101.2 1.94 36.5 70 32.0 128 5.95 
3 106.4 2.07 35.0 82 17.8 93 5.90 
4 91.4 1.83 36.5 33 34.2 99 6.05 
5 103.4 2.34 37.5 44 27.8 77 5.85 
6 98.0 1.82 36.0 57 16.8 93 5.80 
7 94.4 1.97 36.5 64 19.5 110 5.75 
8 88.8 1.66 37.0 48 18.8 93 5.90 
9 95.8 2.06 35.0 85 16.8 103 6.00 
10 102.2 1.89 37.5 23 38.6 150 6.40 
11 104.2 1.98 37.5 46 28.8 120 6.05 
12 115.6 1.86 36.0 75 20.0 71 6.00 
13 111.6 1.72 37.0 61 23.7 91 5.90 
14 103.6 1.56 37.0 32 22.7 109 6.00 
15 92.6 1.65 35.5 66 15.3 109 5.75 
16 111.7 1.71 36.5 50 17.0 95 5.90 
17 107.2 1.70 36.0 74 16.8 86 5.95 
Plant Composition Grain Composition Lodging 
%N 7oP 7cK %N %P 7=K Score 
2.72 .24 1.26 2.80 .44 .51 2 
1.35 .31 1.69 2.10 .51 .48 1 
2.05 .27 1.22 2.48 .48 .50 1 
2.18 .13 1.80 2.94 .29 .40 1 
1.95 .25 1.71 2.46 .47 .48 2 
2.21 .24 1.08 2.54 .43 .46 2 
2.15 .26 1.35 2.62 .49 .51 2 
1.67 .23 1.37 2.40 .45 .48 1 
1.53 .16 1.26 2.27 .34 .44 1 
1.64 .17 1.48 2.30 .35 .44 1 
1.56 .18 1.28 2.12 .39 .45 1 
2.53 .24 1.38 2.77 .41 .44 2 
2.58 .25 1.92 2.86 .42 .42 4 
2.80 .24 1.65 2.88 .43 .45 4 
2,76 .24 1.47 2.90 .44 .45 5 
2.69 .24 1.38 2.94 .45 .45 4 
2.92 .24 1.92 2.92 ,41 .42 3 
2.89 .25 1.86 2.88 (.40 .40 3 
3.10 .25 1.56 2.87 .40 .45 4 
2.95 .25 1.95 2.78 ' .40 .40 5 
2.32 .25 1.74 2.64 .43 .42 1 
2.21 .23 1.92 2.67 .43 .45 3 
2.51 .25 1.32 2.73 .45 .44 4 
2.34 .24 1.56 2.61 .45 .45 3 
2.57 .22 1.65 2.87 .40 .44 2 
2.67 .24 1.83 2.76 .36 .45 2 
2.59 .23 1.20 2.66 .39 .44 1 
2.51 .22 1.41 2.48 .38 .44 1 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k pH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
18 104.2 1.96 35.0 50 25.2 103 5.85 
19 104.0 1.59 36.0 65 19.8 83 5.95 
20 107.6 1.69 36.0 64 38.0 101 6.00 
21 90.2 1.48 36.0 56 13.6 98 5.70 
22 97.4 1.67 35.5 76 18.5 99 5.90 
23 94.4 1.63 36.5 23 31.4 95 5.95 
24 114.3 1.90 34.5 69 19.0 78 6.00 
25 111.2 1.71 37.0 26 24.4 96 5.95 
26 101.6 1.48 37.0 67 15.6 88 5.95 
27 87.4 1.45 36.0 82 13.2 70 5.80 
28 94.7 1.32 37.0 55 13.2 88 6.00 
Rep II 
1 106.0 1.70 36.0 27 22.3 97 6.10 
2 101.2 1.84 34.0 67 22.4 100 5.90 
3 106.9 1.77 35.5 56 20.1 83 5.80 
4 108.7 1.89 35.0 67 20.5 88 5.85 
5 107.3 1.78 35.0 75 26.8 69 5.70 
6 92.0 1.69 35.5 22 20.1 105 5.90 
7 99.0 1.72 35.0 20 19.1 99 6.00 
8 104.6 1.54 35.5 56 11.7 76 5.85 
9 105.8 1.52 36.0 67 15.6 105 5.90 
10 113.4 1.72 36.5 68 24.4 82 6.00 
11 100.7 1.81 35.0 75 26.2 93 5.70 
12 101,1 1.76 35.0 65 23.9 81 6.15 
13 109.1 1.70 35.5 62 23.6 72 6.05 
14 101.8 1.65 35.0 66 16.5 94 6.00 
15 101.0 1.49 36.0 52 14.6 97 6.05 
16 99.9 1.54 36.0 58 15.3 74 6.05 
17 101.6 1.64 35.0 44 15.4 80 5.85 
Plant Composition Grain Composition Lodging 
7oN 7oP 7oK 7oN %P %K Score 
2.88 .25 1.74 2.94 .43 .48 4 
2.01 .24 1.56 2.41 .40 .42 1 
2.42 .24 1.65 2.79 .43 .44 5 
2.72 .19 1.63 2.94 .35 .42 2 
2.57 .23 2.13 2.70 .41 .46 3 
2.72 .26 1.26 2.78 .41 .44 2 
2.77 .25 1.56 2.79 .45 .50 3 
2.60 .23 1.77 2.73 .40 .45 4 
2.06 .22 1.47 2.53 .38 .45 1 
2.30 .21 1.05 2.41 .36 .45 1 
2.41 .22 1.23 2.52 .32 .39 1 
2.69 .24 1.44 2.81 .44 .46 4 
3.08 .26 1.65 2.92 .45 .48 3 
2.85 .26 1.56 2.69 .43 .46 4 
2.98 .24 1.32 2.94 .44 .51 4 
3.02 .26 1.14 2.83 .43 .44 4 
2.87 .23 1.62 2.86 .38 .45 4 
2.70 .20 1.62 2.90 .39 .48 3 
2.92 .23 1.20 2.94 .40 .45 4 
2.89 .23 1.23 2.80 .39 .46 3 
2.53 .24 1.56 2.54 .42 .48 3 
2.40 .23 1.62 2.57 .41 .45 3 
2.12 .23 1.14 2.57 .43 .46 2 
2.20 .25 1.14 2.68 .45 .45 3 
2.52 .24 1.80 2.69 .40 .44 2 
2.58 .23 1.68 2.76 .41 .45 2 
2.24 .20 1.08 2.58 .39 .48 2 
2.32 .22 1.23 2.76 .40 .45 2 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n p k pH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
18 107.0 1.75 34.0 65 18.4 88 6.00 
19 102.9 1.52 36.5 59 22.9 102 5.90 
20 109.5 1.83 34.5 72 22.8 74 5.95 
21 80.0 1.61 35.0 57 10.3 86 6.05 
22 103.2 1.69 35.5 60 19.9 87 6.00 
23 101.4 1.56 34.0 70 15.4 97 5.90 
24 105.0 1.54 36.5 19 25.8 94 6.00 
25 110.4 1.83 35.0 68 15.6 71 5.80 
26 88.6 1.31 36.0 20 17.3 88 6.05 
27 98.7 1.34 36.5 53 14.6 94 6.00 
28 94.6 1.49 36.5 67 12.1 77 5.70 
Gai va' -Primghar, 1965 Rep I 
1 118.0 1.85 35.5 37 20.8 228 5.95 
2 107.6 2.07 33.5 34 26.2 219 6.00 
3 121.8 2.01 35.5 33 27.6 216 5.80 
4 119.5 2.01 35.0 36 21.2 227 5.80 
5 120.2 2.08 35.0 34 24.0 190 5.75 
6 124.6 2.14 33.5 37 10.8 179 6.00 
7 120.6 2.03 36.0 41 15.2 218 5.75 
8 109.8 2.16 34.5 38 10.0 160 5.85 
9 115,5 1.94 35.0 32 14.7 252 5.65 
10 114.9 2.22 38.5 35 18.3 155 6.20 
11 113.9 1.95 41.0 48 17.3 191 6.00 
12 123.3 2.12 40.5 38 27.3 234 5.90 
13 105.5 1.78 38.0 33 19.4 171 5.95 
14 114.6 1.71 37.5 42 12.2 220 6.30 
15 112.6 1.80 37.5 41 9.3 161 6.25 
16 116.8 1.77 36.5 28 8.7 148 6.20 
17 112.6 1.76 37.0 32 12.1 172 5.90 
Plant Composition Grain Composition Lodging 
.7oN %P .. %K %P %K Score 
3.15 .27 1.38 2.79 .42 .45 5 
1.84 .23 1.65 2.43 .41 .42 1 
2.98 .25 1.50 2.75 .44 .45 5 
2.58 .17 1.32 2.83 .31 .40 1 
2.75 .24 1.68 2.77 .42 .45 4 
2.66 .24 1.59 2.77 .43 .45 5 
2.68 .24 1.38 2.87 .43 .44 4 
3.06 .27 1.44 2.68 .42 .45 4 
2.22 .22 1.14 2.37 ,.37 .40 1 
2.17 .23 1.23 2.46 .35 .42 1 
2.43 .20 1.02 2.42 .34 .38 1 
2.60 .26 2.55 2.70 .40 .45 1 
2.56 .27 2,67 2.80 .44 .50 2 
2.64 .29 2.64 2.88 .44 .46 2 
2.79 .29 2.58 2.96 .45 .48 2 
2.86 .29 2.58 3.04 .43 .42 1 
2.86 .24 2.64 2.87 .35 .42 1 
2.95 .24 2.76 3.18 .43 .39 1 
2.87 .24 2.55 2.99 .37 .42 1 
3.01 .25 2.64 2.85 .35 .42 1 
1.84 .25 2.43 2.29 .42 .46 1 
1.77 .24 2.43 2.33 .46 .44 1 
2.12 .27 2.70 2.57 .47 .45 1 
1.90 .25 2.34 2.27 .46 .45 1 
1.90 .20 2.46 2.52 .41 .45 1 
2.15 .21 2.55 2.49 .38 .46 1 
2.09 .22 2.46 2.72 .39 .44 1 
2.21 .23 2.73 2.61 .41 .44 1 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test Plant Composition Grain Composition Lodging 
No. Yield Yield Weight n P k PH %N %P 7cK %N 7oP %K Score 
bu/a T/a Ibs/bu pp2nt pp2m pp2m 
18 106.6 2.07 35.5 32 13.8 154 6.00 2.89 .26 2.19 2.89 .41 .45 2 
19 69.4 1.30 39.0 33 13.4 164 6.20 1.38 .23 2.25 2.10 .48 .44 1 
20 110.3 2.05 37.5 40 22.1 157 6.10 2.34 .26 2.07 2.60 .45 .46 1 
21 91.1 1:22 36.5 31 9.5 163 6.15 2.69 .17 1.91 2.91 .30 .42 1 
22 120.9 1.89 35.5 26 14.3 185 6.00 2.44 .25 2.58 2.76 .46 .48 1 
23 112.2 1.78 37.0 38 15.2 253 6.15 2.32 .24 2.04 2.77 .43 .44 2 
24 123.3 2.06 35.5 41 26.8 233 5.90 2.70 .27 2.55 2.88 .43 .46 2 
25 125.0 2.14 34.5 20 13.0 188 5.80 2.66 .27 2.55 2.89 .43 .45 1 
26 72.4 1.15 38.0 47 8.4 158 6.20 1.81 m 2.13 2.38 .35 .40 1 
27 78.9 1.22 37.5 44 11.8 167 6.05 1.62 .18 2.25 2.27 .38 .44 1 
28 76.5 1.20 39.5 27 9.0 157 5.90 1.89 .18 2.40 2.38 .37 .42 1 
Rep II 
1 117.0 1.86 37.5 42 14.1 168 6.25 2.34 .24 2.34 2.66 .41 .44 1 
2 123.9 2.06 34.5 37 17.0 163 6.15 2.61 .25 2.22 2.86 .44 .44 2 
3 118.4 2.20 34.5 32 14.7 173 6.00 2.77 .27 2.46 2.97 .46 .45 2 
4 125.8 2.11 37.5 43 13.9 144 6.40 2.52 .27 2.01 2.98 .46 .42 1 
5 115.4 1.82 34.5 29 18.1 171 5.80 2.92 .29 2.25 2.81 .40 .45 1 
6 107.2 1.78 37.0 31 12.2 145 6.00 2.75 .22 2.46 3.08 .33 .44 1 
7 123.2 1.92 36.5 32 9.0 180 5.90 2.80 .23 2.88 2.97 .34 .42 1 
8 116.0 1.75 38.0 40 10.6 204 5.95 2.96 .23 2.58 2.90 .36 .42 1 
9 94.6 1.79 40.0 32 9.5 154 6.05 2.90 .23 2.37 3.06 .34 .39 1 
10 88.6 1.86 38.5 40 25.2 186 6.15 1.83 .23 2.19 2.21 .45 .45 1 
11 103.0 1.82 38.5 41 17.0 194 6.05 1.96 .24 2.58 2.12 .42 .44 1 
12 109.0 1.62 38.5 37 21.2 170 6.10 1.83 .25 2.31 2.37 .45 .45 1 
13 108.8 1.83 38.5 34 19.3 192 6.10 1.91 .23 2.28 2.29 .42 .45 1 
14 107.3 1.78 37.0 25 7.7 182 6.20 2.15 .21 2.64 2.41 .38 .42 1 
15 111.0 1.81 38.0 36 9.1 161 6.30 2.04 .22 2.43 2.52 .40 .45 1 
16 120.2 1.72 37.0 37 9.2 143 6.25 2.03 .22 2.40 2.76 .37 .42 1 
17 107.5 1.81 38.0 32 10.2 164 6.20 1.66 .20 2.37 2.15 .39 .42 1 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k PH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
18 111.3 1.92 34.5 34 10.9 194 5.85 
19 59.7 1.14 38.0 35 19.8 186 6.15 
20 117.6 1.92 37.5 35 20.5 171 6.00 
21 96.1 1.32 37.0 41 6.9 182 6.15 
22 120.2 1.87 37.5 36 13.0 195 6.25 
23 117.6 2.10 38.0 37 14.0 189 6.10 
24 120.6 1.88 37.5 43 14.7 169 6.25 
25 115.9 2.02 35.0 33 15.6 178 5.90 
26 52.5 1.14 39.5 29 7.1 141 6.25 
27 62.6 0.97 38.0 26 5.7 155 6.25 
28 73.9 1.26 37.0 34 9.2 164 6.05 
Grundy-Shelby, 1965 Rep I 
1 ' 50.7 2.20 33.0 33 24.5 163 6.95 
2 • 63.8 2.34 33.5 36 25.8 162 6.90 
3 60.7 2.39 32.0 37 30.5 162 6.85 
4 48.2 2.25 31.5 34 27.0 150 6.90 
5 60.2 2.39 34.5 29 33.2 138 6.70 
6 59.5 2.08 33.0 41 23.5 175 6.70 
7 58.9 2.19 33.5 32 9.6 123 7.05 
8 60.2 1.94 30.5 40 21.2 142 7.15 
9 53.5 2.50 32.5 51 15.4 152 6.90 
10 60.9 2.26 34.0 27 28.5 159 6.70 
11 75.5 2.43 34.0 40 27.5 153 6.55 
12 60.0 1.89 35.0 38 43.3 194 6.55 
13 54.2 1.84 34.0 39 33.8 153 6.80 
14 64.5 2.11 34.5 26 21.3 136 6.80 
15 58.6 1.99 35.0 39 22.4 159 6.80 
16 68.2 1.90 35.0 36 21.4 119 6.65 
17 49.6 1.88 34.5 28 21.0 138 6.90 
Plant Composition Grain Composition Lodging 
%N %P %K 7oN %P 7oK Score 
3.14 .28 2.46 2.92 .40 .45 2 
1.19 .21 2.22 2.02 .47 .45 1 
2.66 .27 2.34 2.61 .45 .48 1 
2.63 .17 2.73 2.94 .28 .42 1 
2.12 .25 2.49 2.54 .41 .44 1 
2.59 .24 2.28 2.58 .40 .45 2 
2.35 .23 2.28 2.77 .43 .44 1 
2.50 .25 2.46 2.71 .40 .45 2 
1.58 .16 2.25 2.05 .34 .40 1 
1.46 .16 2.34 2.12 .38 .42 1 
1.52 .16 2.30 2.51 .30 .40 1 
1.74 .30 2.25 2.04 .54 .36 3 
2.18 .27 2.07 2.38 .40 .40 5 
1.79 .30 2.10 2.37 .48 .42 4 
1.70 .28 2.04 2.50 .50 .40 3 
1.84 .20 2.13 2.38 .50 .40 3 
1.92 .29 2.34 2.32 .47 .40 4 
1.60 .24 2.13 2.41 .45 .38 4 
2.23 .31 2.28 2.63 .49 .39 5 
2.14 .24 2.07 2.49 .44 .34 3 
1.57 .29 2.25 2.21 .47 .39 2 
1.50 .26 1.95 2.28 .47 .38 2 
1.41 .28 2.13 2.03 .47 .39 1 
1.38 .29 2.10 2.06 .48 .39 2 
1.75 .27 2.01 2.09 .46 .38 2 
1.38 .27 2.13 2.12 .49 .40 2 
1.50 .23 1.86 2.01 .46 .38 2 
1.45 .23 1.80 1.91 .46 .38 2 
Table 18 (Continued) 
Trt. Grain Straw Bushel Soil Test 
No. Yield Yield Weight n P k pH 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
18 36.7 2.02 25.5 29 25.5 194 6.90 
19 35.4 . 1.25 34.0 25 17.2 141 7.05 
20 67.1 2.48 31.0 35 32.2 177 6.85 
21 66.5 2.28 32.0 31 13.4 136 6.65 
22 56.2 2.18 33.0 44 24.0 185 7.00 
23 68.2 2.36 34.0 49 27.8 162 6.95 
24 49.6 2.23 33.0 40 31.8 155 6.65 
25 62.2 2.42 31.0 35 23.5 129 6.55 
25 31.4 0.88 32.5 36 14.6 134 6.95 
27 57.2 1.44 35.0 27 20.8 135 7.00 
28 54.2 1.57 35.5 32 22.0 150 7.10 
29 57.^2 1.75 34.0 36 21.5 104 6.90 
- Rep II 
1 51.9 2.64 32.0 45 19.3 167 6.70 
2 48.4 2.07 28.5 38 33.4 123 6.80 
3 41.6 2.37 29.5 37 23.5 124 6.60 
4 41.5 2.45 33.0 36 26.0 150 6.60 
; 5 43.3 2.36 30.5 28 25.8 144 6.45 
6 53.4 2.26 31.5 27 22.4 242 6.95 
7 56.6 2.29 33.5 36 16.5 144 6.80 
8 52.4 2.01 27.5 38 18.4 114 6.70 
9 62.7 2.11 32.0 30 15.4 120 6.55 
10 56.8 2.40 35.0 31 35.2 175 6.90 
11 58.7 2.33 36.0 30 22.0 136 6.35 
12 63.4 1.98 34.0 36 24.4 130 6.85 
13 69.5 2.47 35.5 27 25.3 118 6.75 
14 83.4 2.46 33.5 42 22.7 171 6.70 
15 67.3 1.77 34.5 35 24.0 131 6.85 
16 60.3 2.22 33.5 34 16.9 127 6.75 
Plant Composition Grain Composition Lodging 
%K 7oN %P %K Score %N %P 
2.66 .32 2.31 2.82 .48 .48 5 
1.16 .26 2.01 1.87 .46 .39. 1 
1.91 .30 2.13 2.56 .49 .40 4 
1.84 .24 2.13 2.56 .45 .39 4 
1.87 .29 2.22 2.44 .50 .39 4 
1.95 .30 2.13 2.18 .47 .39 2 
1.81 .27 2.01 2.29 .50 .42 3 
1.86 .28 1.98 2.39 .49 .42 4 
1.21 .25 1.98 1.98 .48 .40 1 
1.34 .24 1.86 1.94 .45 .38 1 
1.31 .27 2.04 2.11 .48 .38 2 
1.44 .28 1.83 2.03 .38 .39 1 
1.92 .29 2.49 2.47 .48 .42 3 
2.54 .39 2.31 2.68 .53 .35 5 
2.30 .35 2.28 2.53 .51 .45 4 
2.24 .31 1.98 2.46 .50 .42 4 
2.47 .35 2.19 2.53 .50 .42 5 
2.09 .30 2.49 2.54 .51 .45 4 
2.25 .28 2.16 2.49 .50 .42 2 
2.58 .31 1.98 2.51 .48 .40 5 
2.17 .28 2.07 2.42 .46 .40 3 
1.50 .27 2.22 2.05 .47 .39 1 
1.54 .26 1.95 1.93 .47 .40 1 
1.81 .33 2.10 2.10 .46 .39 3 
1.67 .27 1.77 2.14 .48 .39 2 
1.75 .27 2.47 2.23 .46 .44 2 
1.82 .35 2.07 2.34 .51 .40 3 
1.53 .29 2.01 2.02 .45 .38 2 
Table 18 (Continued) 
Trt. 
No. 
Grain 
Yield 
Straw 
Yield 
Bushel 
Weight 
Soil Test Plant Composition Grain Composition Lodging 
Score n P k PH %N 7oP %K %N %P %K 
bu/a T/a Ibs/bu pp2m pp2m pp2m 
17 57.3 2.12 35.0 29 18.1 151 6.50 1.71 .25 1.86 1.96 .45 .36 1 
18 40.3 1.62 28.5 36 23.5 135 6.75 2.60 .33 2.04 2.57 .48 .42 5 
19 51.7 1.80 36.0 32 24.2 158 6.50 1.44 .28 2.07 1.93 .47 .39 1 
20 55.1 2.84 36.5 37 27.3 135 6.65 1.73 .33 2.01 2.25 .49 .39 2 
21 46.6 2.09 31.5 38 14.5 141 6.70 2.47 .29 2.16 2.33 .48 .40 5 
22 37.3 1.99 28.0 41 23.5 126 6.75 2.34 .34 2.16 2.63 .51 .45 5 
23 56.8 2.30 38.0 42 19.6 135 6.60 2.03 .26 1.80 2.28 .47 .39 3 
24 50.4 2.24 33.5 31 19.0 130 6.60 1.77 .27 1.92 2.14 .46 .39 3 
25 60.9 2.59 31.5 37 19.2 137 6.50 2.41 .30 2.01 2.37 .50 .42 5 
26 35.3 0.91 34.0 30 13.4 127 6.60 1.22 .29 1.92 1.86 .44 .39 1 
27 54.2 1.85 36.5 27 13.1 124 6.80 1.47 .25 1.80 1.96 .43 .38 2 
28 63.8 1.55 34.5 34 19.5 85 6.95 1.51 .35 2.07 2.13 .50 .40 1 
29 37.9 1.19 34.5 48 19.6 160 6.70 1.22 .29 2.04 1.76 .46 .42 1 
Table 19 Soil test analyses for profile samples taken from each replication at 
each location in the fall of 1964. 
Soil test 
Location Depth 
(inches) 
pH 
Rep 
phosphorus 
Rep 
ns
 
o
 ft
 
IS S lum 
Rep 
nitrogen 
Rep 
1 2 1 2 • 1 2 . .. JU 2 
Carrington- 0-6 5. ,45 5, .40 12. 7^  15. ,3 73a 85 23a 19 
Clyde 6--12 5. ,55 5. 60 10. 5 10. ,0 59 63 14 8 
12--18 5. 95 5. 90 7, .8 8. 4 48 42 8 5 
18-24 6, .00 6. 15 6, .1 7. 5 37 41 5 3 
24--30 6, .45 6, ,5 5. 2 6. ,1 29 - 34 2 3 
30--36 6. 70 6. 65 5. 3 6. 5 36 38 1 4 
Clarion- 0--6 6, .35 6. 40 11. 9 10. .9 63 62 15 11 
Webster 6-• 12 6. 40 6. 80 12. 4 10. 5 59 54 18 7 
12--18 6. 50 7, .35 9. 8 10. 5 44 41 6 8 
18--24 6. 75 7. 80 8. 9 8. 8 42 39 9 6 
24--30 7. 55 8. 00 7. 7 7. 7 43 34 8 2 
30--36 8. 00 8. 20 7. 7 7. 8 33 41 10 6 
Howard 0--6 5, .95 6. ,00 14. 4 10. 3 81 64 73 42 
County 6. -12 5. 90 5. 95 8. 8 7. 1 43 42 38 17 
12--18 6. 00 6. 20 7. 0 5. 2 37 32 16 7 
18--24 6. 20 6, .30 6. 5 3. 9 45 27 6 3 
24--30 6. 40 6. 60 4. 6 3. 2 33 27 4 2 
30. -36 6. 75 6, .70 3. 0 3. 5 29 30 1 1 
Q 
Expressed as pp2m. 
Table 19 (Continued) 
Soil test 
Location Depth 
(inches) 
pH 
Rep 
phosphorus 
Rep 
potassium 
Rep 
nit :rogen 
Rep 
1 2 1 2 1 2 1 2 
Galva— 0-6 6.05 6.15 6.7 6.3 129 130 39 33 
Primghar 6-12 6.20 6.45 4.8 4.7 84 92 19 18 
12-18 6.40 6.60 4.2 3.7 62 60 10 6 
18-24 6.60 6.65 3.1 3.5 53 58 5 9 
24-30 7.55 7.75 2.9 3.1 48 48 10 6, 
30-36 7.85 8.00 2.4 3.1 56 54 9 6' 
SheIby- 0-6 7.00 6.80 14.6 12.1 129 125 28 29 
Grundy 6-12 6.50 6.65 10.1 10.4 87 100 22 21 
12-18 6.05 6.10 6.3 5.1 69 85 17 21 
18-24 6.10 6.30 8.2 6.1 65 51 16 16 
24-30 6.25 6.35 9.5 8.2 64 57 15 11 
30-36 6.60 6.75 16.8 10.2 75 63 16 14 
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Table 20 The monthly rainfall and the monthly average mean 
daily temperature as recorded at the farm for each 
location in each year. 
Rainfall (inches) Temperature (°F) 
Location Year April May. June April May June 
Carrington-
Clyde 
1963 
1964 
1965 
normal 
3.34 
5.07 
4.30 
3.24 
3.37 
3.37 
6.09 
4.24 
3.76 
3.48 
3.83 
4.10 
50.5 
49.4 
45.5 
48.0 
58.6 
65.9 
62.2 
59.4 
72.6 
69.7 
66.5 
69.1 
Clarion-
Webster 
1963 
1964 
1965 
normal 
3.29 
6.57 
2.82 
2.23 
3.39 
3.33 
6.25 
4.11 
3.10 
2.89 
9.16 
5.06 
48.3 
53.5 
46.1 
47.3 
57.6 
64.2 
61.6 
59.6 
71.8 
67.7 
66.7 
69.5 
Howard 
County 
1963 
1964 
1965 
normal 
3.37 
2.67 
2.06 
2.87 
3.42 
5.70 
2.99 
3.61 
4.53 
3.69 
2.48 
4.22 
46.7 
45.9 
43.1 
44.3 
54.9 
61.1 
60.0 
57.3 
68.4 
65.7 
64.5 
65.6 
Galva-
Primghar 
1963 
1964 
1965 
normal 
1.12 
3.42 
3.48 
2.43 
2.99 
3.99 
3.61 
3.64 
3.13 
3.33 
3.21 
4.97 
50.7 
47.0 
49.2 
46.7 
59.3 
65.0 
64.3 
58.7 
73.6 
70.3 
70.2 
68.3 
Shelby-Grundy 1963 
1964 
1965 
normal 
4.01 
3.94 
3.71 
2.88 
3.02 
3.29 
4.71 
3.87 
1.03 
6.84 
5.10 
5.29 
54.2 
53.0 
50.7 
50.9 
bl.3 
65.8 
65.1 
61.6 
74.0 
70.1 
69.2 
71.3 
